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It was with considerable reluctance that I agreed to submit a 
paper upon a subject whereof so much is yet conjecture. 

Although various earthquake theories have been advanced, it 
has always been the case that the more we study and compare 
them, and attempt to adjust earthquakes to certain laws as to 
their frequency, force, duration, etc., the more the conviction is 
forced upon one, that they are the most lawless of natural phe- 
nomena. This will be all the more apparent to any one who 
attempts to study them in a region where they are compara- 
tively rare, and very seldom of sufficient force to impress upon 
the observer their true character. 

It is needless to say, that the proper place to observe them 


- for theorizing is the region in or near the tropics, in the chain 


of the Andes in South America, for instance, where nature seems 
to have established her laboratory for manufacturing explosives 
on a grand scale. The individual features of such an event are 
there brought out with great prominence, and the frequent 
repetitions of.those mighty earth tremors will soon impress upon 
one all their usual characteristics. 
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We should be more likely, then, to give greater weight to ob- 
servations taken for extended periods in the so-called earthquake 
regions of our globe, provided that the observer had been fully 
equipped with a thorough scientific knowledge of to-day, and 
endowed with a leaning toward original research. 

Such an authority I have taken up in this paper, and what I 
shall state of earthquakes will be based upon the particular 
theory which he advances. 

Although [ have followed the subject with great interest for 
years, my individual information and collected data have been 
so meagre that I shall, at this time at least, leave it unconsid- 
ered, and devote myself entirely to the labors of a scientist by 
whose writings, notes and publications I have been guided. 


“« Rarthquakes are subterranean volcanic eruptions, caused by the 
cooling of the earth’s interior, and aided by the attraction of the’ 
sun and moon.” 

With these words, Rudolph Falb, a German scientist. of 
whom much has been said and written of late, summarizes a 
theory, which to develop he had spent long years of study, of 
laborious research, of toilsome travel and conscientious work. 

When he made public the fundumental principles of his the- 
ory, he did not lack adversaries who attacked and held to ridi- 
cule his views, foemen worthy and unworthy of his lance; and 
though his enthusiasm for the subject may have made him too 
sanguine and often too positive in his assertions, there remain 
undeniable facts which command our consideration and thought- 
ful study. As time advances and more extensive researches 
are made, statistics will either help to strengthen or undo the 
fabric Falb has spun; and whatever may be said against his de- 
duced laws, it is certain that science will never sufter by having 
such energetic weavers at its loom. 

At first thought it strikes one as though there were really noth- 
ing particularly new about this theory, for, the cooling of our 
globe, the formation of a crust, the consequent contraction, the 
pressure of the outer shell upon the interior mass, the peculiar 
atomic condition of this mass, due to the immense and varying 
pressure, and tue frequent disturbances interiorly, necessarily 
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due to these causes, and to the infiltration of water into fissures 
—all these points had been brought out with most of our physi- 
cal theories. The idea of a luni-solar influence upon the life of 
our planet, and its possible connection with terrestrial disturb. 
ances, had also suggested itself to physicists of an early date. 

The French savant Perrey held that there was a connection be- 
tween the moon’s position and the occurrence of earthquakes, 
for he proved to himself that these phenomena were more fre- 
quent at the time of new and full moon than at the quarters; 
at the time of the moon’s perigee than when in apogee; and 
during the winter months of the northern hemisphere than dur- 
ing the summer. His margin, however, appeared so small that 
eminent scientific men failed to perceive therein any positive 
proof. It remained for Falb to investigate these phenomena 
further, and to deduce from his investigations a theory, built up 
step by step from fundamental laws. It is this which he has 
within recent years advanced, and which has found enthusiastic 
adherents and violent opponents. 

After having examined his authority for the assertion that 
earthquakes are subterranean volcanic eruptions, we shall pro- 
ceed to investigate the second part of his theory, which ascribes 
to the sun and moon a considerable influence in bringing about 
the disturbances which we feel as earthquakes. 


In examining the principal characteristics of an earthquake 
or tremor, Falb was led to consider the following : 

lst. Three distinct modes of motion.—The moto succussorio, 
when the surface of the earth receives an impulse normal to it 
and rises vertically; moto undulatorio, wheif the surface is agi- 
tated in the manner of ocean waves; moto vorticoso, a twisting 
or whirling motion accompanying violent shocks. 

2d. The nature of the principal or catastrophal shock.—All 
observed earthquakes go to show that the first shock or impulse 
is the most violent; that it takes place without any previous warn- 
ing, beginning with a slight tremor, rapidly increasing within a 
few seconds to its full strength, and ending with a sort of an 
explosion. 

The duration of this first shock is very short, but every shock 
of any violence at all is always followed by aseries of secondary 
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shocks, which never, however, reach the intensity of the first, 
the principal or catastrophal one. He says that a single shock 
not followed by others is certain to be very light. 

Falb lays great stress upon this, and claims it as a certain pri- 
mary law, which had never been fully recognized and given the 
importance that it should command in investigations of this 
character. 

The secondary shocks are usually very light, and are most fre- 
quent on the first day or two after the catastrophe; they decrease 
in strength from day to day until about the seventh day, when 
they again increase in frequency and strength for a short-time. 
Not any of these secondary shocks ever reach the intensity of 
the primary or catastrophal tremor with which the series always 
' begin. 

Falb calls this law ‘‘ the sequence of shocks,’’ or simply ‘‘a 
sequence;”’ basing it upon numerous observations made during 
long periods in the earthquake regions of South America and in 
Kurope. 

I have examined a ‘‘ List of Recorded Earthquakes in Cali- 
fornia, Lower California, Oregon and Washington Territory,” 
by Professor E. S. Holden (Sacramento, 1887), with this point 
in view, and I became satisfied of the existence of the sequence. 

Take those cases that are classed as destructive; that is, let us 
apply it to those instances in which the typical character would 
be most marked and the record most reliable. 

October 8th, 1865.—Heavy earthquake at San Francisco. 
“The shock was felt sixteen minutes before one o’clock (Pp. m.), 
and lasted perhaps five seconds. It was almost instantly followed 
by a heavier shock, which continued for ten seconds or more.’’ 
‘* On October 8th, in the evening, there were two or three slight 
additional shocks.” On the days following more tremors are re- 
corded of less severity. 

‘* October 9th.—Light shock at San Francisco. After this 
shock the earth continued to vibrate for forty-eight hours.’’ 

October 12th.—‘‘ Constant tremorsin San Francisco. (Fuchs) 

October 21st, 1868.—The great earthquake at San Francisco. 
The sequence of shocks after the catastrophe at 7:58 a. M. is 
brought out very prominently. Slighter tremors were felt all 
day, and for a number of days following. 


d) 
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March 26th, 1872.— Great Inyo County Earthquake, the 
severest of the century in California. ‘‘ The shock was felt as 
far as Winnemucca, Nevada—462 miles east of San Francisco.”’ 
x «x * «The shocks continued up to April 10th, at intervals 
of afew hours, and in the mountains near by explosions were 
frequent, resembling distant artillery.’’ - 

In the destructive earthquake of January 9th, 1857, which was 
felt from Fort Yuma to Sacramento, it is not stated that the vio- 
Jent tremor was followed by others on the same day, although a 
number of shocks are recorded from day to day in various locali- 
ties of California, and strong tremors on January 20th at Santa 
Cruz, Fort Tejon, and Mission San Juan. It is difficult to say 
whether these shocks could be admitted as a sequence of the dis- 
turbance on the 9th. 

It is found that in some cases a slight tremor will precede the 
catastrophal shock by some minutes, perhaps, but it is nowhere 
recorded that a violent or destructive shock was ever followed 
within a reasonable period by one more so. There is manifest 
throughout a decreasing scale of intensity in any one sequence 
of disturbances. 

During the earthquake period, from October 21st, 1868, to 
November 16th, there are about fifty shocks recorded that are 
headed by the catastrophe on the morning of the 21st. Those 
who have felt these shocks know that in their very perceptible 
sequence not one of the secondary impulses ever reached the 
intensity of the starter on the morning of October 21st; that the 
primary shock was not preceded by light tremors to give warn- 
ing, as it were, but that it came suddefily, with all its terrible 
consequences, to throw the city into the greatest excitement 
within a moment’s time. For this particular case, therefore, we 
would have no reason to mistrust the law of sequence, which is 
a portion of the foundation upon which the Falb theory rests. 

3d. The noise which usually accompanies an earthshock.— 
This peculiar rumbling generally precedes, but may also follow, 
a series of shocks. Its volume does not seem to be proportional! 
to the strength of the oscillation—it may even be lacking en- 
tirely. The tremendous noise, known as el gran ruido, is said 
by Humboldt to have occurred from eighteen to twenty minutes 
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after a catastrophe, without any trembling of the earth at the 
time of the noise.. It is also mentioned by him as having occur- 
red in Guanaxuato, lasting from the 9th of January, 1784, for 
over a month, causing the greatest excitement among the inhab- 
itants, who fled from the town in terror; and yet no other phe- 
nomenon accompanied or followed this noise. Not the slight- 
est earth tremor had been felt during this strange occurrence, 
or after it. 

4th. The electrical condition of the atmosphere during heavy 
shocks, which may manifest itself in lightning-like flashes, that 
illumine certain quarters of the heavens. 

‘During the long tremors of the earth in the Piedmontese 
valleys of Pellis and Clusson, the greatest change in the elec- 
trical tension of the atmosphere was noted, although the sky 
had been clear.” —Humboldt-—Kosmos. 

5th. ‘Tidal Waves.—It has been frequently observed that after 
a heavy earthquake near the seacoast, immense waves would 
approach the coast, encroaching upon the land much further 
than any of the known high waters. During our great earth- 
quake in October, 1868, there was noted ‘‘an unusual commo- — 
tion in the sea, and the waves came fifteen or twenty feet fur- 
ther inland than usual.’’—(Holden’s List of Recorded Earth- 
quakes.) 

Falb distinguishes three different kinds of flood waves, de- 
pending in their character upon the position of the central point 
of the impulse in reference to the shore line; that is, the earth- 
quake is either far out at sea, or at sea near the coast line, or 
on the coast near the seashore. The propagation of the wave 
would depend upon the location of the center of the disturb- 
ance. Fifteen minutes may elapse between the time of the 
primary shock and the approach of the tidal wave. 

6th. Changes in the level of the coast and sea bottom, as 
well as changes in direction of ocean currents.—This has been 
observed after severe catastrophal shocks near the seacoast. 

7th. Heavy rainshowers after an earthquake.—Humboldt 
mentions the fact that in tropical America, rain would fall at 
unusual periods, following heavy earthquakes, and that the 
natives look to oft-recurring tremors as indicating a fruitful 
season. 
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8th. The area over which the tremors are distributed.—An 
earthquake felt in a certain locality is most violent (though not 
most destructive) in one particular point, called the epicentrum, 
which receives the first impulse vertically from beiow. From it 
circular waves are transmitted, which decrease in intensity as 
they leave this center. The vertical motion must be greatest in 
amount at the epicentrum, from which the horizontal motion 
begins. But, although the intensity of the latter decreases ata 
certain ratio, there must be at some distance from the center a 
locality, in which the most destructive effect is felt, for it is ap- 
parent that horizontal motion is more destructive than vertical 
motion, and destructiveness is the characteristic which appeals 
more directly to our senses. Outside of this circle the intensity 
of the wave rapidly decreases, until the effect is no longer per- 
ceptible. 

The area of tremor becomes of great importance, because from 
it we may draw some conclusions as to the depth from which the 
shock originated. Various methods have been devised for com- 
puting the depth of the focal point, but I am not prepared to 
say that any of them lead to very trustworthy results. As earth- 
quakes are more generally observed, a method will be found by 
which the elements in the case can be more accurately deter- 
mined. Our present theories suffer from a lack of sufficient 
data, but science, which has devised them, would soon perfect 
them, were it furnished with the necessary amount of material, 
without which theories remain uncertain. It may be of interest 
to state the depths at which the focal point has been estimated. 
In a number of cases in Kurope, where the results may approach 
the truth, depths have been computed at ten, thirteen, and twenty 
miles. The Charleston earthquake has been estimated at about 
twelve miles. But the cause of the shock, in all these cases, 
must be looked for at still greater depths. 

It has also been observed that the area of tremor is more or 
less elliptical. Humboldt says that the.‘‘ Transmission usually 
takes place in linear direction, wave-like, in circles or large 
ellipses of tremor, in which, as from a common center, the vi- 
brations are transmitted with decreasing intensity towards the 
circumference.’’ 
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Falb holds that these waves generally tend to spread in the 
direction of the axis of the mountain range near which the shock 
occurs, and that this tendency would cause to make the area 
more or less elliptical. 

9th. The distribution of earthquakes locally.—We all know 
that earthquakes do not occur with equal frequency in every 
part of the globe. There are localities where they never occur, 
others where they are periodically felt, and regions where they 
are a common occurrence. Where there are high mountain 
ranges, they generally take place with greatest frequency and 
force, particularly near the equator; in the tropics are these phe- 
nomena most numerous, while the temperate zone is compara- 
tively free from them. In the vicinity of active volcanoes a 
trembling of the earth is quite a common occurrence. 

10th.—The frequency of earthquakes in reference to the 
months of the year, which will require our attention further on. 


Having the ten conditions just enumerated before him, Falb 
began to propound a theory in which each should be fully re- 
cognized and duly accounted for as an existing factor. All earth- 
quake theories heretofore advanced do not satisfactorily explain 
these accompanying phenomena, which a long experience in this 
specialty had taught him as unmistakably connected with vio- 
lent tremors of the earth. 

The factors we have brought out in the preceding paragraphs 
are the foundation stones, hewn by Falb during years of indus- 
trious and energetic labor; upon them he built his final theory, 
and whether this building will stand or fall, will depend in great 
measure upon the soundness of the blocks which constitute the 
foundation. | 

Of earlier theories, and there were several (we do not need to 
enumerate them), one held that vapors produced by the earth’s 
molten interior exerted a pressure against the crust, and that 
volcanoes are the safety valves that prevent this force from burst- 
ing the shell of the earth. 

It was usual to ascribe earthquakes to different causes, and a 
particular distinction was made between two kinds of disturb- 
ances: volcanic earthquakes and those not of volcanic origin. 
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We quote from Humboldt, Kosmos: ‘‘ Heavy earthquakes are 
felt in localities where there are inactive or even active volcanoes, 
without stimulating the latter to any perceptible activity. During 
the great catastrophe of Riobamba the volcanoes Tungurahua, 
near by, and the somewhat more distant Cotopaxi, remained in- 
active. Contrarily, volcanoes have been violently eruptive for long 
periods, and neither before nor during the eruption have earth 
tremors been felt. The most destructive earthquakes that his- 
tory records, those which have agitated thousands of square 
miles, are the very ones that have had no perceptible connection 
with the activity of voleanoes. These have of late been called 
plutonic earthquakes, to distinguish them from those of volcanic 
origin, which are generally confined to areas of small extent. 
In consideration of the more general views regarding volcani- 
city, this nomenclature can not be sanctioned. The greater num- 
ber of earthquakes upon our planet should be termed plutonic.’ 

Then Humboldt groups the phenomena in three characteristic 
types: 

1. Earthquakes confined to areas of small extent, evi- 
dently due to the activity of a voleano. He has observed them 
himself, while sitting near the crater of Mount Vesuvius, to pre- 
cede frequent eruptions of hot clinker. These slight earth 
tremors, felt at regularly-recurring intervals, were only notice- 
able in the immediate vicinity of the crater. 

2. ‘*A most important group, frequently occurring: Harth- 
quakes which may accompany or precede volcanic eruptions, be 
it, that the voleanoes bring forth lava streams, as our Huropean 
mountains, or, like Cotopaxi, Pinchincha aid Tungaragua of 
the Andes chain, only clinkered masses, ashes and vapors. For 
this group volcanoes are looked upon as ‘ safety-valves.’ The 
earthquakes cease when the great eruption has taken place.” 

3. ‘The most general group, however, is that of which the 
tremors disturb non-volcanic and volcanic countries alike, with- 
out influencing the volcanoes existing in the' latter. These 
phenomena remind one most convincingly of a common cause to 
be looked for in the-thermal condition of our planet’s interior.” 

And he finally concludes by saying: “I have thought it 
useful to enumerate all the differing manifestations of the same 


10 falb’s Theory of Earthquakes. 


volcanic agency (the reaction of the earth’s interior against its 
surface), to aid the observer in creating a material which might 
ultimately lead to fruitful results regarding the causal connec- 
tion of these varying phenomena. Sometimes the volcanic 
activity embraces at the same time, or in closely-following peri- 
ods, so vast a portion of the earth that the tremors at the surface 
may be attributed to several causes individually related.” 

I have here extracted at length from Humboldt’s ‘‘ Kosmos,”’ 
because it illustrates the diverging views that existed at that 
time, and shows that that great man, to whom every theory in 
physical science was known, did not surmise in what manner 
effects so much at variance with each other might be traced to a 
common cause. Is there any more reason for attributing earth- 
quake phenomena, which are in the main exactly similar, to 
different origin, than it would be to ascribe, for instance, rain- 
showers to one cause to-day and to another to-morrow, because 
the accompanying conditions may be at variance ? 

Here Falb takes a decided and positive stand. Earthquakes 
have only one cause—-they are all of volcanic origin, whether 
there be volcanoes active or inactive or none at all; whether 
they occur in mountain regions or on plains, in the Andes or 
on the Nether Rhine; whether they create the wildest excite- 
ment in San Francisco, or death and destruction at Charleston, 
the cause is always and invariably the same. And that which 
causes an earthquake also causes volcanic eruptions perceptible 
to the sight. These two phenomena are of the same origin; 
they are links in the same chain of events; members of the 
same family in three generation: for disturbances in the earth’s 
interior beget volcanic eruptions, and volcanic eruptions beget 
earthquakes. | 

We begin to see now what Falb means by the conclusion that 
heads this paper: ‘‘ Earthquakes are subterranean volcanic erup- 
tions ’—and that, of course, necessitates the supposition that 
under the surface of the earth there exist volcanoes, subterranean 
craters, at greater or less depth beneath our feet, which are not 
in any way perceptible to us on the surface. 


Before proceeding further, it is well to state that the main 
foundation of Falb’s theory is this: that our earth still is and 
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always has been a cooling globe; that it was at one time a fiery 
ball, and that by gradual cooling the hardening crust has con- 
stantly encroached upon the interior heated mass. I am aware 
that we can furnish no other proof for this than that which was 
made the fundamental principle of the evolution of planetary 
worlds as advanced by Kant and Laplace. Conclusions have 
been brought out that the earth’s shell must be of immense 
thickness; and, based upon physical principles, the announce- 
ment has been made that the earth may even be solid altogether. 
Yet, of all theories regarding the earth’s crust, it is admitted, as 
Dana says, that a liquid interior, or a liquid layer between the 
crust and a solid nucleus, as argued by Hopkins, will meet all 
requirements of geological science. 

The conception of an interior fluid washing the inner surface 
of the crust does not seem to present a probable condition. 
Geological investigations have shown that the shell of the earth 
may be a thousand miles thick, and the tremendous pressure of 
such a layer must cause peculiar atomical and chemical condi- 
tions interiorly of which we can form no very accurate concep- 
tion. The heat, as the result of the pressure, must become so 
ereat as we descend, that at a certain depth difficult to deter- 
mine, it must be sufficient to fuse all solid matter. But the 
high degree of pressure would in itself be a cause to prevent 
that very condition which is necessary to our comprehension of 
a fluid, i. e., that the particles must be free to move around 
each other. It is readily seen, that any variation in pressure 
would disturb the equilibrium which holds gases and fluids in 
such critical condition. Every disturbance would necessitate 
an adjustment, and the manner of this adjustment is volcanic 
action. 

{Later antagonistic theories dispute the necessity of a direct 
volcanic action for such adjustment. The idea of separate causes 
for earthquakes of different degrees of violence is still clung to, 
and it is claimed that the so-called tectonic earthquakes have 
nothing whatever to do with our globe’s volcanic activity. | 

To proceed: We shall assume that condition of the earth’s 
interior, which Falb has made the basis of his theory, and ex- 
plain voleanicity as a cosmical phenomenon, the direct result of 
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a cooling process which fiery fluid masses undergo as they radi- 
ate their heat into space. This holds good for all celestial bodies 
that are hurled along their endless paths. Cooling means con- 
traction, and consequently an increasing pressure upon the 
interior mass. This contraction on the one side and expansion 
on the other, are two eternal forces at war, two cyclops doing 
battle in the infinite fields of the universe. 

Analogous processes have been observed on the sun. The 
flame-shaped protuberances, extending from the circumference 
of that mighty orb, are known to be driven up masses of hot 
hydrogen gas. During a solar eclipse they appear to us like 
the jets of plutonic fountains, casting their fiery spray into the 
sombre region of dismal space. What we behold is an eruption 
on the mightiest scale. We witness the battle of the two cos- 
mical forces where both combatants are in vigorous action, and 
where the fury of the fray is thrown against the solar sky, like 
the smoke that arises from a battle-field of nations. Upon our 
earth one of the cyclops is a prisoner; contraction holds him 
bound, but it bas not at all subdued him. There are times when 
he is aroused to renewed and fearful activity, when he may 
break forth from his cell, carrying death and destruction before 
him; or, in his attempt to break his fetters, he may shake 
the prison walls until they tremble from foundation to bastion. 
Yet, mastery rests with the giant contraction; he is as inevi- 
table as death, the victory must ultimately be his. Look to the 
moon! The war there is ended, the last battle has been fought 
ages ago. When her pale light illumines the battle-field, we 
see the evidences of the fight. Numerous cavities and craters, 
pit-like openings, seem as though the fury of the battle had fur- 
rowed them; circular wall-like mountains surrounding a central 
range appear to us like the ruins of gigantic fortresses, thrown 
up when the enemies brought all their forces into action. And 
now the lunar mountains cast their spectral shadows over the 
valleys of cosmicdeath. Volcanicity, the sign of cosmic life, 
has disappeared. This must be the inevitable fate of-every body 
that is hurled through space. The future, therefore, predicts an 
ultimate end of the universe, when contraction, with its icy 
grasp, has throttled the life out of every worldtherein. But ex- 
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pansion has been storing new forces in another region, which 
will be brought out in their turn. This is the heat radiated 
into space of which nothing has been lost. This heat is an ever- 
increasing force, a mode of atomic motion of some subtle ele- 
ment, upon the capabilities of which we can only conjecture. 
It may inspire new cosmic life to worlds that are toe come, and 
store a fresh vitality for new spheres from the departed energy 
of the old; so that cosmic death may mean cosmic life—an 
eternal cycle of changes without beginning, without end. And 
thus an endless chain of ever-recurring events in the cos- 
mogony is conceivable. It is ‘‘a circle that ever returneth into 
the self-same spot.” With light and life the young phcenix 
arises from the ashes of the old; with light and life the 
triumphant conqueror is heralded into the vastness above, be- 
low and everywhere. 


Voleanicity, therefore, is the vital principle in the life of our 
earth. It is manifested to us in terrestrial disturbances, visible 
aS in an eruption, or perceptible as in an earthquake. ‘To prove 
the similarity between the former and the latter, Falb first 
attempts to demonstrate how a volcanic eruption is brought 
about; then gives a physical reason for each characteristic fea- 
ture; and finally endeavors to show that the two phenomena are 
analogous. 

The shell of the earth must be conceived as perforated by 
canals, rent by deep cracks and fissures, a natural consequence 
of the very vigorous volcanic action when our planet was younger 
and the crust thinner. Some of the flue-like passages may reach 
the surface, or they may terminate below without an exterior 
outlet. 

The voleanic force cannot break through the immense shell of 
the present; it cannot effect new passages, but will rather con- 
fine itself to and seek the direction of the old highways. These 
are most likely to terminate in those regions where, in the early 
history of our planet, it offered the least resistance to the in- 
ternal force. Deep fissures, although covered by surface layers, 
will thus be apt to remain the roadways, particularly if the 
water have free access, and by infiltration keep the material 
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saturated—a likely condition near the seacoast, where water may 
be infiltrated to great depths. This moisture may be vaporized 
by the heat of ascending lava, and the resulting pressure would 
be a factor to keep these openings free. 

Lava, as emitted, is described by Falb as a product resulting 
from the melting of materials forming the earth’s crust (matter 
which had already been solidified), and brought up from all 
depths in a fluid state, but never is it a part of the fiery fluid 
kernel itself. He says that heat emitted from the latter pene- 
trates into the deeper fissures and melts the solid material ad- 
hering to the walls of the cavities and passages. These smelted 
products are of lighter specific gravity than the central mass 
subjected to the immense pressure of the crust, and therefore — 
constitute the surface of the interior kernel, which is cast out as 
lava. This also accounts for the diversity of the chemical com- 
binations of the lava of different volcanoes, depending as it does, 
upon the mineralogical character of the underlying strata of the 
crust. 

The pressure which cooling and contraction exert upon the in- 
terior mass, forces this lava into hollow cavities and passages 
that communicate with the exterior layers of the shell. Falb 
compares this process with the rising and falling of a barometer, 
for with a constantly varying pressure the lava column may be 
conceived as constantly either rising or falling. If in its ascent 
it come in contact with the infiltrated water from above, vapors 
and gases will be generated, which will cause to increase the up- 
ward pressure against the solid material choking the passage, 
and likewise exert a pressure against the ascending column. 
The rising lava compresses the gases between it and the stopper 
in the tube, and this process may quietly go on beneath our feet, 
and nothing indicate to us the approach of the secret enemy: 
The stopper, consisting of voleanic debris, clinker and stone, 
is gradually pushed upwards; between its interstices there may 
at first be some escape, which will amount to but little when we 
consider the ever-increasing force under it, for the nearer the 
lava gets to the surface, the more of the infiltrated water will 
be vaporized, and the pressure correspondingly increased. The 
heat, too, will have the effect of melting together the masses of 
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the stopper, and this accomplished, the exit of the canal is 
hermetically sealed. 

During ali this time no earthquake will be felt, no trembling 
to give fair warning of a catastrophe approaching, that in the 
history of the world has time and again caused death and dis- 
aster, and laid waste fertile plains and thriving cities. Hercu- 
laneum and Pompeii lay buried for centuries under the mantle 
of death, which relentless nature had cast over them. Little 
did the inhabitants think of the dire calamity in store for them, 
while in earth’s deepest recesses the preparations were going on 
that we have described, until the rising lava and its precursory 
gases and vapors had brought about that degree of pressure 
necessary to remove with violence all the material closing the 
mouth of the flue, like forcing the cork from the mouth of a bottle, 
when the eruption followed with its indescribable horrors so sud- 
denly that there was no escape from the far-reaching finger of 
fiery death. 

If, as in this case; the flue or canal reach the surface, nearly 
all the energy is imparted to the air, and we have a visible vol- 
canic eruption. 

The cast up materials appear in regular order. First of all 
the stopper flies out, the choking volcanic debris, which had ac- 
cumulated in the passage and effectually closed it; then follow 
the gases and vapors, which, rising over the mountain, suddenly 
cool, thereby causing rain-showers with electric phenomena, 
lightning flashes followed by loud thunder peals; the fine ashes 
melted by the hot vapors causes a most general occurrence, the 
outburst of mud; then follows the lava stream;-which will quietly 
flow from the orifice like an overflow of the Styx. 

In cases where after the outburst of mud lava does not flow, 
this reason is given: the lava column has already receded, that 
is, the upward pressure is no longer sufficient to raise it to the 
required height. This is the case in localities where volcanicity 
is decreasing in intensity. Such localities may show lava beds 
of past ages buried under later deposits; the falling off of the 
temperature of the deeper regions has lessened the volcanic 
activity, and at recent periods lava has not been brought to the 
surface. 
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It has been observed, however, that if an eruption occurs after 
a long rest of a still vigorous volcano, lava will generally flow. 

But to return to the eruption: After the lava stream ceases, 
it will slowly retreat, that is, fall in the tube, and air will rush 
into the empty canal of the crater. A vigorous upward current 
will be created, assisted by ascending gases, and this will cause 
a scouring of the walls of the canals and passages leading from 
the orifice downward, and all those diverse products of combus- 
tion adhering to the walls will be carried upward into the air, 
and descend as a dry rain of volcanic ashes. 

After the retreat of the lava, earthquakes are felt; at first and 
in some cases only in the vicinity of the summit perceptible, 
they after a time shake the neighborhood surrounding the foot 
of the mountain frequently and with more or less violence. 

Falb accounts for these tremors, and traces their origin to the 
following causes: - 

While the lava column is retreating, bubbles of gases and 
vapors will rise from its lower depths to its surface, like the 
carbonic acid in a champagne bottle after drawing the cork. As 
long as the cork was there, this could not happen, but when the 
obstacle is forcibly removed and the pressure released, and the 
lava slowly retreating and gradually cooling, gases will develop 
and rise from all depths of the column, winding their way up to 
the surface, where these bubbles will burst with a violent ex- 
plosion, whereby clinker and fluid particles are hurled up to. 
considerable height. Bubble after bubble will follow rapidly 
upon each other, and the explosions therefore may be observed 
at regular closely following intervals. 

This explains the characteristic which Humboldt observed, to 
which we have referred heretofore, tremors which he noticed 
following closely upon each other, while sitting near the crater 
of Mount Vesuvius after an eruption. 

It is hardly necessary to state here, that the height of the 
lava column at the time will determine the elevation at which 
the ground is observed to tremble, for if these explosionsshould 
occur above the level of the surrounding plain, earthquakes will 
be felt on the mountain only, but if the lava have sunk to a suf- 
ficient depth, the locality in the vicinity of the volcano will feel 
them. 
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Tremors of this kind will last for several days, depending 
upon the speed at which the lava recedes. The character of the 
eruption qualifies the degree of violence and the frequency of 
these shocks. 

It is noticed how much at variance this theory is in one re- 
spect with the ideas of older text books, which taught that vol- 
canoes did duty asa sort of a safety valve to the great boiler 
(designed on purpose possibly to protect mortality), and that 
earthquakes cease after the eruption has taken place—when the 
steam has been blown off. Even Humboldt makes that state- 
ment, but it is now safe to assume that this is not so. Jiarth- 
quakes follow an eruption very likely in every case, but they 
are not always perceptible except in the immediate neighbor- 
hood of the voleanic outburst. The tremors. do not cease, but 
rather begin after the eruption. 

In voleanoes that have been inactive for centuries, where the 
exit has been so effectually closed as to resist the pressure, the 
most violent earthquakes may shake the vicinity of the mountain 
and the eruption fail. Or, if the impulse be of sufficient mo- 
ment, a vast portion of the side of a mountain may be carried 
away, if it offered less resistance to the attacking force than the 
sealed outlet of the old flue. In such an event all the phenom- 
ena we have described will be manifested, except perhaps the 
eruption of lava, which in the case of an old volcanic region, is 
not always a necessary feature, for reasons already given. But 
all the other usual characteristics will follow in their order after 
the terrible explosion: the outburst of mud and of stones, 
carried away to considerable distance, flashes of lightning, rain- 
showers, and the final descent of the ashes, which adds that 
sombre darkness to all the horrors of this fearful and awe-inspir- 
ing scene, together with indescribable noises and the hissing of 
numerous jets of steam, proceeding from the opened fissures 
and canals that lead to the interior vaults of our earth’s myste- 
rious laboratory. 

From all such facts as we have thus described and brought out, 
our authority has come to the foliowing conciusions, which find 
their foundation in his carefully collected data. We have all 
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been acquainted with the greater number of them, for they have 
been mentioned in connection with other theories before, but I 
shall again give them, taking them in the order in which Falb 
enumerates them, to show each link in the chain of events, and 
to give us a clear undertanding of his theory. 


(1.) Volcanoes generally appear in rows along a straight line; 
explained by subterranean fissures. 


(2.) They are almost exclusively near the sea; explained by 
the infiltrated water coming in contact with the rising lava. 


(3.) Some time before an eruption the smoke from the mount- 
ain increases; explained by the interstices in the choking mate- 
rial which closes the outlet. 


(4.) Shortly before the eruption the smoke entirely disappears; 
explained by the melting together of this mass. 


(8.) All is quiet before the eruption; explained by the pressure 
of the lava from gases between it and the stopper. 


(6.) Solid masses are first thrown out with the eruption; ex- 
plained by the choking mass referred to. 


7.) Local rain-showers with lightning and thunder follow; ex- 
8 S 
plained by the condensation of aqueous vapors. 


(8.) Hruptions of mud follow; explained by the mingling of 
vapors with the fine, ash-like dust in the flue. 


(9.) The eruption of lava is not always necessary; explained 
by the retreat of the lava after the release from the pressure of 
gases and vapors. 


(10.) An upheaval of fine ashes completes the eruption; ex- 
plained by a current of air scouring the flue, and the formation 
of ashes after the descent of the lava. 


(11.) After the eruption earthquakes occur; explained by the. 
explosive activity on the surface of the lava now relieved of all 
pressure. 


(12.) Between the eruption of the volcano and the earthquakes 
in its vicinity several hours elapse; explained by the time re- 
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quired for the lava to sink below the level of the foot of the 
mountain. 


(13.) The earthquakes are numerous and follow in rapid 
succession; explained by the very active emission of gases and 
vapors from the lava, as soon as the tremendous pressure above 
it is removed. 


The earthquakes which are generally felt after an eruption 
led Falb to seek a connection between them and those second- 
ary shocks of a sequence that follow the catastrophal shock. If 
the sudden outburst of a volcano be assumed as the primary 
impulse, the earthquakes—which arefelt either on the mountain 
or in the vicinity of its base after the eruption — are nothing 
more or less than the sequence of secondary shocks that follow 
in the wake of the principal tremor that heads the list. Exactly 
similar conditions have produced these phenomena, but their 
origin in the latter case is not so apparent. 

If we grant the existence of subterranean volcanoes and their 
capabilities of becoming eruptive, we shall have no difficulty in 
explaining every tremor that disturbs the earth. 


As the cooling of our planet continues, the time must come 
when volcanic action has ceased to be a visible phenomenon 
at all; when, far distant though it may seem, even the volcanic 
mountains themselves will have been leveled to their founda- 
tions by the action of the water and air. Cities and villages 
may thrive in the very localities where to-day nature’s battles 
are fought with unremitting violence. But in that dim future 
the great forces of the lurking enemy are not all subdued. 
They are yet there, in prison walls beneath our feet, better 
secured perhaps, but still capable of raising an occasional rebel- 
lion. This far-off period is sure to come; slowly and imper- 
ceptibly to us, for nature in her great works knows no limit of 
time. If the lava in its subterranean canals can no longer be 
raised to the surface, it may yet rise to a certain height, de- 
pending upon the intensity of the lifting force; and as it is 
brought in contact with sub-surface moisture, resulting vapors 
will cause eruptions at a greater or less depth beneath our feet. 
When voleanic activity can no longer be seen, it will still be 
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felt, and earthquakes will remind us that Vulcan has not ceased 
to wield his mighty forge. 

Falb makes a very positive statement to the effect that the 
possibility of an eruption, an outbreak of vapors, gases and lava 
into subterranean hollow cavities, cannot be disputed by any 
argument of weight. . With this very bold assertion he announces 
his final decision, and claims it as a law of nature, that ‘‘ earth- 
quakes are eruptions of subterranean volcanoes, the direct cause 
being the cooling of the earth.’’ | 

He may not have convinced you; you may take exceptions to. 
some cf his statements which do not seem based upon sufficient — 
data to prove them with certainty; there may still be factors in 
the case, and there undoubtedly are, which he could not and has 
not considered; but are we not dealing with a theory which 
merely strives to account for the mechanical features of the 
event as far as they are known? 


We began this paper by enumerating all those various charac- 
teristics which impressed themselves upon him as the principal 
factors to be accounted for, for every one of which he has found 
an explanation in harmony with his theory. 

I have not the time to go over each item at present; any one 
may make the comparison at his leisure, and he will find no dif- 
ficulty in discovering the manner in which Falb would account 
for each characteristic feature of an earthquake by taking the 
subterranean eruption theory as a basis. 

The various modes of motion; the roaring noises; the tidal 
waves; the principal or catastrophal shock, which is due to the 
sudden explosive character of the beginning of the eruption; 
the lighter secondary tremors following the primary shock, 
cuused by the explosive activity on the surface of the receding 
lava (the bursting bubbles referred to, which are the lighter 
earthquakes that usually follow a visible eruption); the greater 
frequency of earthquakes in the tropics, due in a measure to the 
centrifugal force of the earth —all these features may be readily 
interpreted if we are willing to accept Falb’s explanation of the 
cause. 





And now we shall touch upon that portion of the Falb theory 
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through which the author’s name has become most popular, in 
which he has not been without success, and whereby he gained 
a public prominence reaching far beyond his own country. I 
refer to the attractive influence of the heavenly bodies as an aid 
in causing earthquakes. 


If we examine the months of the year in reference to the fre- 
quency of shocks, we shall find that they are not equally 
distributed. That of the whole yearly number a certain per- 
centage will fall to each month. We shall notice in this distri- 
bution a regularity which can not be a matter of chance; 
and this may lead us to admit that the attraction of the sun, and, 
as we shall see, the moon, gives an important aid in bringing the 
phenomenon about. 


Falb took from Mallet’s catalogue the days upon which earth- 
quakes occurred from the year 800 to 1843, a period of a 
thousand and forty-three years. In that time he collected 
5,492 earthquake days for the northern hemisphere. The dis- 


tribution was as follows: ry 
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If a curve be drawn (see Fig. 1) expressinga ratio of frequency, 
we shall find that most earthquakes occur in January, that there 
is a rapid decline for February and March, and a moderate 
inerease for April; from thence the curve rapidly sinks and 
reaches its minimum in June, after which a rise is again 
manifested. In August a mid-point is reached, from which it 
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again drops for September, after which a very decided autumn 
maximum is shown for October; we then notice another decline 
in November, and thence a rapid increase to the January height. 

In order to ascertain whether the character of this curve de- 
pended upon this particular collection of data, Falb divided the 
number of earthquake days in halves—one period extending 
from the year 800 to 1794, and the other from 1794 to 1843 — 
the first being about 1,000 years long, and the other about 50; 
the corresponding number of days being 2,751 for the long 
period, and 2,741 for the short one. It is evident that the data 
for the 50 years must be more detailed than that of the thousand 
year period, because the record of late years would naturally 
include the slight shocks which in the earlier centuries were not 
thought worthy of record by those who chronicled history. It 
must be admitted that two more uneven periods, both in regard 
to time and data, could not well be chosen; and yet, when we 
come to arrange and plot the values for the two periods in 
monthly sets, our attention is called to a similarity that is only 
too striking. The following’ table will illustrate this: 
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(See curves 2 and 3.) 


We have said that these values represented a condition for the 
northern hemisphere; the question then naturally arises, How 
will the southern hemisphere compare, in this respect, with the 
northern half of the globe? Falb furnishes us with a record of 
501 earthquake days, between the years 1862-1877, taken from 
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the official list of the lyceum at Copiapo. From it we learn the 
following: 
(See curve 4.) 
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We can not help noticing a resemblance in all these curves, 
and perceiving that in both hemispheres the winter months of 
the northern are the most productive, and that during the 
northern summer the -relative frequency is least. This fact be- 
comes apparent in any number of combinations that we wish to 
try, the general character of the yearly curve manifesting itself 
in each instance. . 

Three thousand two hundred and ninety-nine earthquakes in 
Kurope (Dr. Ule, ‘‘ The Harth,” cited by Falb) are distributable 
among the months as follows: 

(See curve 5.) 
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Continuing these investigations, we applied this test to the 
earthquakes recorded for the western coast of the United States, 
as taken from the list compiled by Professor Holden. 


His table for California, Oregon and Washington, 1850-1887, 
shows a total of 768 earthquake days, distributed among the 
months as follows (see curve 6): 
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For San Francisco we have for the same period (taken from 
the same list) a total of 254, bearing to the months of the 
year as given below (see curve 7): 
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Again, we find a certain similarity in the structure of these 
curves to all preceding ones, with the April and October maxima 
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a little too prominently developed, but with a decided minimum 
for the summer months. 

Certainly, language can not speak plainer than do these 
graphic illustrations, as they bring out, at random as they are 
taken, again and again the facts to which we have called atten- 
tion. Can this be a matter of chance? Would it seem so 
unreasonable to suppose that the January maximum may be 
caused by the earth’s perihelion; the April by the sun’s position 
in the equator (about March 20th, when two forces—the cen- 
trifugal force of the earth, and the attraction of the sun—are 
operating in harmony); that the June minimum may be due to 
the earth’s aphelion, when the sun’s-attraction is least; that the 
October rise is brought about by the sun’s reaching the autumnal 
equinox, September 23d; that the fall for November is due to 
the sun’s increase in southern declination, and that as the earth 
sped towards perihelion the curve of frequency would again 
reach its greatest height ? 


Falb says there can be no reasonable doubt about it, and if 
these curves teach anything, they teach that nearness of the sun 
stands out as the principal factor, assisted perceptibly by the 
equatorial position of the sun, as a cause for the greater 
frequency at such seasons of the year. 


If two curves, one representing the earth’s departure from 
and approach to perihelion (which would represent the attract- 
ive force of the. sun during the course of the year), and 
the other representing the sun’s declination, or his appar- 
ent movement from solstice to solstice through the equi- 
noctial points, be combined into one, similar characteristics 
in the structure of this curve to those we have drawn from 
earthquakes should manifest themselves. And if we devel- 
oped such a curve, we should find that this fact would ap- 
pear. It, however, would show a spring and fall maximum of 
the same height, whereas in the earthquake curves the October 
maximum is so prominent as to far overreach that of April. 
The reason given therefor is this: that at the time of the vernal 
equinox the line representing the earth’s departure from perihe- 
lion is so rapidly descending, that the counter impulse due to 
the sun’s approaching the equator is only sufficient to check 
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this descent somewhat; but at the time of the autumnal equi- 
nox the latter impulse is acting in the same direction with the 
former, it assists it in its rise; the two lines are ascending to- 
gether, and the two forces in joint action would develop more 
prominently than under the first condition. 


But since so much of an influence seems to be due to the at- 
traction of the sun, does not the moon similarly play a most 
important part, as she is by virtue of her attraction the most 
prominent flood-factor influencing the earth ? 


The answer is, yes; and in order to make plain the attractive 
influence of the heavenly bodies upon our earth, we shall briefly 
enumerate the so-called flood factors to which Falb gives great 
weight in his theory. They are: the earth’s perihelion; the 
moon’s perigee; the moon’s syzygies; and when either sun or 
moon are on the equator; or, as Falb puts it more concisely: 


Earth’s perihelion, - : - - - - - it. 
Moon’s perigee, - - - ais A da - Bebophan BY 
Same or opposite right ascension of sun and moon, -_ III. 
Same or opposite declination, - - - = ~. LV. 
Equatorial position of sun, - - - - rite a 
Equatorial position of moon, - ~ - - - VI. 


The first and second factors tind their explanation in the mini- 
mum distance of sun or moon from the earth, when their at- 
traction would be greatest; new and full moon are too well 
known as flood factors to require any explication; and the equ- 
torial position of these bodies, as the last named factor, is inter- 
preted by the fact that the attractive influence of either body is 
exerted in the same line of direction with the centrifugal force 
of the earth, which latter is a constant, ever tending:to hurl off 
masses tangentially and parallel to the equator, with a developed 
maximum at the latter, explaining also the frequency of vol- 
canic disturbances in tropical regions. Any one of these factors 
has a certain weight as an attractive force, which may be aug- 
mented if any two or more of them fall together at the same 
time. It is clear that a number of combinations may be made. 
At the earth’s perihelion, about January Ist, a new or full moon 
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may occur; with the syzygies we may have a perigee of the moon; 
and at the time of the spring or vernal equinox a number of the 
flood factors due to the moon’s position may be augmented by 
the sun’s equatorial position. The greatest number of these 
factors that can at the present time occur together, are four or 
five, never all six, as shall be shown further on. 


Of the most prominent combinations we have— 
Peper Lone List LY, 


which would be at the time of an eclipse near January Ist, to- 
gether with a perigee of the moon—a condition, by the way, 
nearly fulfilled on New Year’s day of this year; or, 


Pie Pete VV L. 


satisfied by an eclipse near the time of the equinoxes with a 
moon’s perigee. At the time of solar or lunar eclipses, there- 
fore, the attraction of these bodies upon our planet develops to 
a most conspicuous factor, finding its explanation in the fact 
that sun and moon combine in their effort to influence the earth, 
by being in the same line of direction. 


Observations have shown sufficiently that earthquakes at the 
time of an eclipse are not an uncommon occurrence. Falb says 
that history has recorded that fact too often to doubt it. Within 
recent years we have had an occasion to note this. 


From a number of cases cited by Falb, the following are taken: 
Two disastrous earthquakes, independent of each other, oc- 
curred in 1886; one in Morea on the 27th of August, and the other 
in Charleston on the 3lst of the same month. A solar eclipse 
took place on 29th. In 1888 three eclipses happened within a 
month. A solar on July 8th, a lunar July 22d, and a solar again 
August 7th. Note the great catastrophe in Japan on July 15th, 
within that period. 

If it were possible to construct a curve by taking all the 
flood factors consisting of sun’s distance and declination, 
moon’s distance and declination, moon’s syzygies, etc., from 
an almanac, and plotting them with relative values to their 
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proper date for a whole year, and then combining them, this 
line would show elevations and depressions according as these 
factors fall upon or from each other, and we would have a graphic 
curve of reference, which by its prominences would point to cer- 
tain dates when the flood factors in combination are exerting 
their maximum influence, and when earthquakes might be ex- 
pected. This probability curve would not only exhibit periods, 
but dates when the condition for earthquakes would be favorable. 
Tam far from agreeing with those sanguine believers in this 
theory, who hold that seismic disturbances could be foretold 
upon this basis, for it is certain that the flood factors are not the 
causes, but that they are simply an aid in furthering or perhaps 
hastening an event about to take place. An adjustment between 
contraction and expansion may lie at the very point of occurring 
for some time, until a very trifling circumstance may add weight 
enouch to the balance to cause one end of the scale to go up. 
We may liken it to the burning match applied to a powder bar- 
re], or to the last straw that breaks the back of the camel. 


Voleanicity is the result of opposing cosmical forces, regard- 
less of the attractive influence of the heavenly bodies; that is, 
earthquakes would occur withoul sun or moon, but vt is fair to as- 
sume, that in that event they would be equally distributed through the 
course of the year. 

I experimented with a curve which I had projected for the 
maximum and minimum influence of these factors for 1888, 
and followed with great care all recorded seismic disturb- 
ances for that year, comparing them with my probability curve. 
It is impossible to draw any conclusions of weight from the ob- 
servatious of a few months with the lmited amount of data to 
which I had access. Iam ready to state, however, that in most 
instances I have been surprised by the coincidences of the moon’s 
syzygies with perceptible earthquake shocks. 

I am not prepared to state, from my own studies, how much 
weight proportionately is to be given to each factor in construct- 
ing a curve of that kind, and am not ready to admit any prog- 
nostication of these phenomena, although Falb has with great 
success foretold a number of volcanic eruptions and seismic dis- 
turbances with remarkable exactness as to time, as well asin 


Falb’s Theory of Earthquakes. 29 


some instances to place. The simple fact, however, of the in- 
fluence of the position of the sun and moon upon the voleanic 
life of our planet can no longer be denied. 


During the year 1888 the great eruption of Bandai. San, to 
which I have already referred, took place on the 15th of July; 
a most disastrous catastrophe, occurring without any warning, 
during which nearly five hundred people lost their lives. 


This disturbance happened when the minimum point of fre- 
quency in the curve which I projected had just been passed, 
when the probability, therefore, was small, but it took place dur- 
ing a period which Falb calls very critical—at a time when the 
three eclipses, which I have mentioned, occurred within a period 
of 30 days —and these factors are of such weight in the esti- 
mate that he would give them sufficient importance to connect 
them with the particular time of this disaster. 


Again, a number of seismic disturbances occurred about the 
autumnal equinox, from the end of September into October. 
September 25th severe shocks were felt at Guayaquil; they were 
followed by flashes of lightning. The people were panic- 
stricken. At Helena, Ecuador, a sharp earthquake was felt 
September 25th. On the 26th a violent disturbance was reported 
in the Gulf of Persia; and a number of others were announced 
in the telegraphic news for October. 


The eclipse of the sun on January Ist, 1889, occurring at the 
time of the earth’s perihelion, should have been a very critical 
period, and I watched that event with particular interest. 
Although I did not learn of any catastrophal convulsion at that 
time, I gathered quite a number of items of reported earth- 
quakes. I have notes recording them for Spain, Mexico, Eng- 
land, Costa Rica (very severe), and Russia, which occurred 
within a few days on either side of the eclipse. 

A few days ago I cut from a daily paper a notice of severe 
earthquakes in Ecuadcr, which I append: 


“Sr. Exena (Ecuador), March 3d, 1889.—A sharp shock of 
earthquake was felt here last nieht. It lasted about 15 seconds, 
and was followed a few minutes later by four other shocks. 
Shocks were felt at intervals during last night and to-day.” 
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“ Guayaguit (Keuador), March 3d.—A violent shock of earth- 
quake was experienced here last night. During last night and 
this morning there were thirteen other shocks of less severity. 
* * * A panic prevails among the people.” 


We see therein the character of the first or catastrophal 
shock well brought out. The secondary tremors following it as 
a sequence are quite in harmony with the theory. In regard to 
the date, March 3d, we shall find two flood factors near each 
other, viz: new moon, March Ist, and moon on equator, March 
3d. Most weight must be given, however, to the approach of 
the vernal equinox, for the curve teaches us that this is a eritical 
period. Harthquakes may, therefore, be expected from now on 
until the sun’s northern declination has increased sufficiently to 
lessen the weight of this factor. But in making this statement 
it should be remembered that I have called attention to the. 
fact that an earthquake may come at any time without interfer- 
ence of sun or moon, and it is therefore not safe to prog- 
nosticate to any particular date by applying a calculation 
with the time of the occurrence of flood factors as a_ basis. 
Were mathematical determinations only required, events 
might be foretold with the greatest accuracy; but in the 
matter of earthquakes and the voleanic life of our globe 
we deal with the planet’s organic existence, wherein a purely 
mathematical demonstration can never be sanctioned. 


This is a hasty sketch of Falb’s theory. It differs from others 
in laying claim to one exclusive cause for all earthquakes, which 
is a point of objection to a number of scientists. Many who 
admit volcanic action as the direct cause for the great earth- 
quakes of our globe are not willing to account for lighter tremors 
in the same way. 

Another explanation is sought in the ‘‘orogenic”’ theory, which 
claims earthquakes as the active signs of the mountain-building 
forces of the earth. The crust is in a condition of constant 
tension, by reason of the gradual and continuous cooling; from 
time to time the equilibrium is suddenly disturbed in the lines 
of greatest tension, and this causes the tremors. 


The volcanic theory, however, has taken a very prominent 
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place in this field of research, and is very likely to retain it, as 
it offers a ready explanation for the prominent features of an 
earthquake, particularly if of any magnitude. 

The influence of the sun and moon is not denied by other 
scientists, but they are not ready to give it the importance that 
Falb does. 

The well-known seismologist Fuchs, in referring to Falb’s 
theory, says: 


‘« Tf we oppose this theory our opposition is directed, first of 
all, not against its assertion as such, but against its exclusive- 
ness. After a great many causes for earthquakes have been 
pointed out we might also discuss the influence of the moon, 
but we cannot admit a theory which alone claims to account for 
all earthquakes.”’ 


This statement had particular reference to the influence of the 
so-called flood factors. 

Be these controversies as they may, it is interesting. to 
follow an energetic man in his conscientious labor, and 
it should stimulate others to give their attention to this 
field of physica! research. What is particularly needed in 
every community is the facility for making seismographic 
observations. Facts should be gathered everywhere by all 
who care enough for mother nature’s voice and acts to listen 
and to watch; and eventually we may, from our collected data, 
see the law, if there be any, develop itself. 


I would yet lke to call your attention to the fact, that two of 
the prominent flood factors cannot, at the present time, occur to- 
gether. They are: the earth’s perihelion and the sun’s equatorial 
position. The former occurs about the Ist of January, aud the lat- 
ter March 20th and September 23d. This has, however, not always 
been so, for the point of perihelion, not fixed as to date, increases 
in longitude about 62” annually. A complete revolution of the 
line of the apsides is therefore made in 20,900 years, which 
would carry us back about 6,000 years to the time when the peri- 
helion coincided with the autumnal equinox. Here two of the 
‘most important factors fall together; in fact, all of them may 
occur at that time. Falb looks to this fact as an explanation of 
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the Deluge, which tradition places at the time when the most 
favorable position of the sun as to distance coincided with that 
of direction. The ascending equatorial current carries with it 
the aqueous vapors caused by evaporation in the tropics. The 
greater the evaporation the greater the amount of moisture car- 
ried away and elsewhere precipitated. We can readily see the 
connection without going into further details. 

A critical period of that character may, of course, be again 
expected, with all its disturbances, about 4,500 years hence, 
when the earth’s perihelion will fall together with the vernal 
equinox. 


I am quite ready to prognosticate such an event, partly be- 
cause I have faith in this theory, and partly because you wouldn't 
have the laugh on me if it did not turn out so. 
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THE ELEMENT OF LABOR IN ENGINEERING 
ESTIMATES. 


By J. RICHARDS, Mem. Tech. Soc. 


[ Read April 4, 1889.] 





In all kinds of engineering work and skilled manufactures the 
elements of prime cost follow some kind of regular proportion, 
consisting primarily of three components—Material, Labor and 
Expense. I do not include profits, risk, danger and so on, 
because these are variable quantities, not appearing in estimates 
and accounts. 


In manufactures of the mechanical class, the proportion of 
labor-cost or wages charged up to product constitutes, on an 
average, four-tenths. In engineering work it is less, because of 
the greater amount of material used, and does not, I presume, 
exceed three-tenths. Assuming this, labor becomes the second 
element and, for many reasons, the most important one; yet, it 
happens that, with 2 few exceptions, we have no generalization 
respecting this component — no treatment of it as a thing that 
may be analyzed, estimated and compared. 


It is the purpose of my paper this evening to make some 
attempt to deal with this subject. It will be done imperfectly, 
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no doubt, because data is wanting, and my remarks will have to 
be confined almost exclusively to personal experience and 
observation. The views presented will be to suggest investiga- 
tion on the part of the members, rather than to exhaust, or even 
compass, the subject. 


Of investigation into the subject of labor we have enough. 
Thirteen States have, at this time, ‘‘ Bureaus of Labor” for the 
preparation and compilation of statistics. In 1876 the U. S. 
Treasury Department at Washington issued a public document 
of 850 pages, under the title of ‘‘ Labor in Europe,” compiled 
by Mr. Edward D. Young, and known as ‘“‘ Young’s Labor 
Statistics.”’ In 1885 there was printed by the Department of 
State a document of 193 pages, under the title of ‘‘ Labor in 
Europe.’’ There are other publications on the subject, includ- 
ing the reports of Secretary Evarts, 1889, and Secretary Blaine, 
1881, but those referred to are enough to indicate the line of 
investigation pursued. We have also a National Bureau of 
Labor Statistics, created by an Act of Congress, charged with 
‘* collecting information upon the subject of labor, its rela- 
tion to capital, the hours of labor and the earnings of laboring 
men and women, and the means of promoting their material, 
social, intellectual, and moral prosperity.” I am quoting from 
the Act of June, 1884. 

The State reports, a number of which I have examined, are 
voluminous and complete in so far as the ground covered and 
the whole amount of matter printed each year under the head 
of ‘‘ Labor Statistics,’ State and National, will not fall short of 
5,000 pages, and yet, in all this vast amount of matter, I have 
been able to find no data, and I may say almost no mention, of 
the main thing of all—the amount of labor and wages entering 
into the cost of commodities, or the producing power of labor. 
The rate of wages is treated exhaustively, the amount of wages 
is scarcely mentioned. The ‘‘ rate’ of wages and the ‘‘ amount” 
of wages are two very different things ; the rate is more a social 
question but the amount is an economical one, and is that one 
which engineers and manufacturers are called upon to deal with 
continually. In making up an estimate, for example, the rate 
of wages would form no clue to the cost of this element, except 
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by analogy, and I will venture to claim that in all this mass of 
printed matter that has been named, there is not sufficient in- 
formation to warrant an engineer or manufacturer in reading over 
the titles alone. We have in ‘“‘ Young’s Labor Statistics’? more 
than 50 pages devoted to the degraded slave labor of ancient 
Egypt, and among the Jews, and Romans, that is little more than 
an insult to modern skilled industry, and reminds one of the writ- 
ings of some French economist who classes thieving, prostitu- 
tion, and labor in the same category. Of the main subject, the 
true economic one, of the cost and amount of labor as an ele- 
ment of production, we have as before said nothing. 

This it may be claimed is an engineering view of the matter 
and that the purpose of investigation is moral instead of indus- 
trial and technical. This we cannot admit. The Act of Con- 
gress creating a National Bureau points clearly to economical as 
well as moral objects, besides, how easy it would be, while in- 
vestigating other things to have ascertained the relation that 
wages bear to production, and the rules that govern labor cost 
in making up estimates. : 

Every set of manufacturing or engineering account books 
show this ; there is always a wages account in making up prime 
cost, and with the slightest additional labor we might know the 
cost of excavating and moving a cubic yard of material, the cost 
of leveling, surveying or other engineering work—of building a 
house, a ship, wagon or locomotive. There was nothing to do 
but to subtract material and expense and then divide product 
into the labor account. 


A circumstance happening in 1877, caused me to suspect the 
existence of some general law governing the rate of wages in 
skilled industries. I was called upon to design for the Royal 
Arsenal in St. Petersburg, Russia, some special machinery to be 
employed in making the wheels of gun carriages. The designs 
occupied about one year’s time, and when approved came the 
question of construction. Kstimates made in this country and 
in Europe varied some, but not a great deal, and the labor or 
wages item was uniform, or nearly the same, in these cases, 
where the rate of wages varied a great deal. It seemed strange 
at first that estimates should be so uniform, but on more reflec- 
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tion it became obvious that the finished or completed value of 
any kind of skilled product must be near the same in all coun- 
tries ; otherwise, there could be no international trade in such 
commodities ; they would center to the place of cheapest pro- 
duction. Greatly interested in the matter and believing I had 
discovered or discerned a general law or rule applying to skilled 
industry as an element in production, I wrote to the Hon. John 
Bright, asking whether he was aware of any principle or rule 
applying generally to skilled labor and the relation between the 
rate and the amount of wages. His answer indicated that he 
had not, and subsequent investigation proved that amone 
writers on the subject, with an exception or two hereafter men- 
tioned, no one had traced the relation between wages and 
product. This circumstance was the beginning of a course of 
observation, the result of which forms the main part of the 
present paper. 

In the United States, at different places, are made large num- 
bers of watches of good quality. These watches, many of them, 
are exported abroad and sold in competition with the Geneva 
trade. The Waltham Company has an agency in London, and 
sell there a great many watches. Now, the wages paid in the 
Waltham Works, to first-class mechanics, exceeds $4 per day. 
Women receive as high as $2.75 a day, and the average of wages 
paid is about five to ten times as high in rate as are earned in 
Geneva; yet, the amount of labor in the watches must be a good 
deal less in this country, because of the expense of selling them 
abroad, and also because all material, except gold and silver, 
cost a good deal more here. ‘The expenses are also greater, 
and the problem arises, how is this done? We all know it isa 
result of skill and machinery, both of which are emanations 
from skilled workmen. But the point I wish to draw attention 
to is that the amount of labor or wages charged against a 
Waltham watch cannot be more than two-thirds, and perhaps 
one-half, as much as for a Geneva one of the same grade; so 
the cost of finished production is balanced, the aggregate of 
components coming out the same, no matter how they may vary 
relatively. ; 

In 1877 my firm was called upon to construct some machinery 
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for a coffee plantation on the island of Ceylon, in the Indian 
Ocean. With the things required was a plant for making 
packing-boxes from the native timber, and among the machines 
was a saw-bench intended for slitting up small logs, or balks, 
into boards. The planter was asked if he wanted a feeding 
attachment on the machine, such as is common in England. 
‘“No,’’ said he; ‘‘it requires seven men to work the saw, and 
they can feed by hand.” Two men mounted and fed the tim- 
ber, one took from the saw, and one piled away. There was an 
‘‘ engineer” to oil the machine and file the saw, one attendant 
to bring water and run errands, and a ‘‘ boss” overall. The 
wages paid were from 9 to 12 cents a day. I asked the planter 
what amount of timber was sawn in a day, and his answer was, 
‘about one-half as much as one man would saw here on the 
same machine.” 


Supposing the statements correct, the ratio of production was 
14 to 1 in favor of Caucasian labor, and the amount of wages 
paid for sawing a given amount of boards was actually a good 
deal more. under the low rate of wages paid in Ceylon. 


Some time ago, when waiting for a train on the Southern Pa- 
cific Railway Company’s line in the San Joaquin valley, I noticed 
the station agent harassed by his duties, and awaiting an oppor- 
tunity, ascertained he was freight agent, passenger agent, express 
agent, telegraph operator, and perhaps performed other duties. 
His multifarious occupation earned $80 per month. I ascertained 
roughly the amount of freight shipped and received, and the 
quantity of other traffic; and comparing with a station on the 
London & Northwestern system in England, concluded that six 
men would be employed there to perform the same work. I 
connected this with the recent estimates showing a lower cost 
per ‘‘ton mile” for moving freight in this country, and in the 
circumstance detected another proof of the principle of balanced 
labor cost, independent of its rate. 

There appeared, some time ago, in one of our daily papers, 
the particulars of some house carpenter work done in Yokohama, 
Japan, for an American resident there, but have failed to find 
an extract made at the time. The conclusion, however, was 
that the same work performed here by men at $3 or even $4 a 
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day would have been much cheaper than in Yokohama at 30 to 
40 cents a day, and I do not doubt it. 


In some carefully made investigations during the past year 
into the cost of manufacturing boots and shoes in four European 
cities, two in England and two in Germany, showed a strange 
variation in the components of cost. The most marked was in 
comparing Vienna, Austria, with Lynn, Massachusetts, the ratios 
being in definite mathematical relation. The rate of wages 
earned in Vienna was one-balf as much as in Lynn, and the 
amount of wages was double in Vienna; in other words, the 
product of American workmen was four times as much as that 
of the German workmen. The investigation extended to every 
particular, even to sewing on buttons. It can be found in our 
consular reports, I do not know how nearly balanced the value 
of the finished product was in the two cases, but the difference 
could not in any event be more than the cost of carriage be- 
tween Lynu and Vienna. 


I have for many years been in position to know the labor cost 
of various machines made here and in Europe from the same 
drawings ; also, other items of prime cost, and find in all cases 
the finished cost of almost any kind of machinery, including 
skilled labor, is not much different in this country and elsewhere. 
The aggregate of the three components, labor, expense and ma- 
terial is much the same, labor being more constant and uniform 
than either of the other elements. : | 

The wages of Chinese laborers on the Pacific Coast is about 
one-half as much as is paid to white men, and I have no doubt 
bears a very constant relation to what they perform ; in fact, 
must do so in cases where the labor cost for a specific work is 
ascertainable. 

There is on the Pacific Coast especial opportunities for observ- 
ing the relations between the rate and the amount of wages. 
Many of our prominent engineers have had experiencein the labor 
of Mexico, Central and South America, and have to carry into 
estimates labor at various rates, and it is expected that, this 
paper will be supplemented with a good deal of information 
from members of the Society. 

The California Combined Harvesting machines cut from 12 to 
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24 feet wide, 30 to 50 acres a day, and are operated by either 
four or five men. The grain harvested, cleaned and sacked, is 
from 300 to 400 bushels for each man employed, and the cost 
per acre, about 75 cents. The horses and machinery, divided by 
product, cost less than in the Eastern States, that is, the low labor 
cost is not compensated by mere machinery and animal power, 
but rather the reverse. A 


The cost per bushel, in wages, for cutting, thrashing and 
sacking is from 5-10 to 7-10 of a cent, and is no doubt much less 
than in Eastern and Northern Europe or in Asia, and is certainly 
not a half as much as in our own country, east of the Alleghany 
mountains. 


It is, t think, an example showing how useless it is to pit low 
priced manual effort against high paid skill and energy. 

I might go on, if time permitted, to give examples without 
number to prove a general law governing the amount of Jabor 
entering into constructive work, but will confine myself to one 
more illustration, the most important perhaps that can be named 
because the most comprehensive,—the experience of Sir Thomas 
Brassey, the great railway contractor. 

He was engaged for a period of 37 years in constructing rail- 
wavs in all parts of the civilized worla, in Russia, England, 
Germany and France, also in India, Australia and Canada. He 
had under his employ at times as many as 5000 men, from skilled 
engineers down to the common navvy. 

Laborers’ wages varied from 8 cents a day in Hindostan to 
$1.75 a day in Canada and Australia, and it is doubtful if any 
firm or company ever had before, or ever will have again, such 
an opportunity of drawing general conclusions respecting the 
relation between the rate and the amount of wages. 

The work performed was of nearly uniform character, the 
means and implements employed were quite the same, but the 
labor rate, as before named, varied between extremes as 22 to 1. 
In France the labor rate for Frenchmen was, at first, one-half 
as much as was paid to Englishmen; but in a year or so from 
the time of commencing it was found the French workmen could 
perform as much work as the Englishmen, and as a significant 
circumstance their rate of pay rose in the same proportion. 
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Mr. Brassey found it expedient to take out English navvys to 
India at five shillings a day, including the time of transporting 
them, and furnish ‘“‘ beef and beer,” rather than employ the , 
natives at one-tenth the rate per diem. 

At the end of this long and remarkable career, Mr. Brassey’s 
conclusions were that labor was the only constant or uniform 
element he had to deal with in his estimates, and was nearly 
uniform irrespective of varying rates 

It is to be regretted that the great amount of data collected 
by Mr. Brassey has not been more carefully collected and pre- 
served for the use of engineers. ‘The facts here given are taken 
mainly from a book called ‘‘ The Life and Labors of Sir Thomas 
Brassey,’ from which some notes were made several years ago. 


In this connection may be mentioned some elements entering 
into estimates and cost accounts familiar to all here, but seldom 
understood by unskilled people. These elements are the time 
required for completing a work as affected by the proficiency of 
labor ; the cost of superintendence as affected by that time; the 
wear and destruction of implements, also the expense of hous- 
ine, feeding and hospital care, such as was necessary in the work 
at Panama. All these elements have to be multiplied into the 
number of men, the number of men being first divided by their 
skill. Itis a kind of equation that every engineer has to deal 
with in bis practice. 

Mr. Hawkshaw, another eminent English engineer, now living, 
who has employed labor in various parts of the world, came to 
the same conclusion as Mr. Brassey, that the rate of wages is a 
resultant of their product, and that this element of labor in en- 
gineering work is the one most easily dealt with because the most 
uniform, and when there is no extra adventitious circumstance, 
such as climatic dangers from heat, cold, or disease, the amount 
of wages to move a yard of earth or stone, or to build a perch 
of masonry, would be much the same whether the rate of pay be 
high or low, or to put it in other words, the rate always adjusts 
itself to product in obedience to an economic law that maintains 
uniform, or nearly uniform, values for. engineering work and 
skilled industry in ali parts of the world. 

This brings me to the propositions, or rather to the inferences 
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to be drawn from the circumstances dealt with and observed, 
and I will embody them in some postulates as follows: 


First.—The component elements of all skilled productions 
are labor, material and expense. This proposition is no more 
than an axiom because every set of engineering or manufactur- 
ing account books will show its truth., So will every estimate 
for work. I do not include profits, because that is an independ- 
ent element without any fixed relation to the others, although it 
may greatly modify them. 


Second.—The prime cost or finished value of whatever is pro- 
duced from these three elements has, in the markets of the 
world, an uniform, or nearly uniform, value, the ‘‘ world’s” 
value it may be called. For example, steel, iron, copper, 
leather, locomotives, guns, machinery, ships, and so on, can not 
vary much in price in different countries ; otherwise, all trade 
would center in the cheapest place. In staple commodities, such 
as cotton, cloth, iron, and so on, it is claimed that five per cent. 
is enough to control neutral inarkets. 


Third.—The value of finished products being thus fixed, it . 
follows that their components must also be fixed, that is, the ag- 
eregate of components or elements, must be the same, and this 
we will find to be true irrespective of the variations, not only of 
the rate of labor, but also its amount. If the element of ma- 
terial is increased either wages or expense must be decreased 
accordingly. If wages and expense are increased, then material 
must be diminished in the same degree. The balance must be 
maintained. 


If these propositions are granted, then we have the following 
inferences, or, as I might almost say, facts, resulting : 


First.—That wages, the world over, are nearly uniform, if 
measured by their product. 


Second.—The rate is a direct result of product, and a simple 
exchange of equivalent values. 


Third.—That fluctuations of the labor rate may arise from 
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supply and demand, strikes, or other disturbing causes, but the 
general rate is amenable to the great law named. 


Fourth.—And most important of all, that any industry where 
the aggregate of these components exceed the world’s value, 
must, sooner or later, perish and cease. 


Of this inference we have here in California ample illustration. 
I am told that in former times, when wages were governed by 
what men could earn in placer mining, and rose to two or three 
times the general or national rate, no industry was possible ex- 
cept what related to mining, and the product of which, was con- 
sumed by miners. Even garden products were not grown; and 
as to making anything to be sold elsewhere, such a thing was 
not thought of. 


I will now revert to another connected matter, respecting 
which I have not much data — one forming a corollary to some 
of the propositions named, and one that will come within the 
province of many of the members here to observe; it is this: 
Not only does the rate of wages seem to be governed by pro- 
duction, but the higher rates lead to the cheapest produc- 
tion. This seems anomalous, and the fact is deserving of care- 
ful attention. In the instances named I have attempted to show 
a balance of labor, but as a matter of fact, the ratio between 
rate and amount seems to be in favor of the higher rate. I 
mean normal rate, or general rate, and not a forced one such as 
we know a good deal of on the Pacific Coast. 

The primary causes of a high “ rate” and a low ‘‘ amount”’ of 
wages I will not attempt to deal with in the present paper. This 
would involve social and economic problems lying without the 
field prescribed for papers read before the society, and I have 
endeavored to confine the remarks to the curious, or at least 
unconsidered laws that govern labor cost as an element in 
skilled production. 

It is suggested that some concerted action of this and other 
societies of the kind would, no doubt, influence the National 
and State Labor Bureaus to include in their future statistics, the 
amount as well as the rate of wages, so the components of pro- 
duction would appear. This was done in a few cases in the 
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Michigan reports of last year, but only a few, and evidently 
without any plan of including it as a part of the system. 

The practical value of this method would appear in a better 
understanding of the conditions attending on successful works 
and manufactures. Workmen would not strike for unreasonable 
wages if they were shown that the components of production 
cannot be increased collectively without driving out or destroy- 
ing an industry, and that the amount of wages cannot be more 
or less except as measured by what they produce, and cannot be 
more in one place than in another except as the other compo- 
nents, material and expense are increased and diminished ac- 
cordingly. 

In conclusion, I will suggest that the whole problem can no 
doubt be resolved into an equation in which the elements would 
be as follows : the number of workmen ; the efficiency of work- 
men; the rate of wages, the amount of wages; the value of 
product, and so on. JLooking over the whole field of human 
knowledge we find scarcely anything known or proved until it is 
put upon a mathematical basis, and it may be left for this 
society to solve some of the economic problems of our day by 
resolving them into an equation. 

I seriously believe that no other solution of these problems is 
possible. An age of wrangling and empirical opinion has 
proved other methods of no use. 
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MINUTES OF MEETINGS. 
REGULAR MEETING. 


January 5, 1889. 
President Manson in the Chair. 
The nominating committee appointed at the December meet- 
ing presented the following list of officers for the ensuing year: 
President—Marsden Manson. 
Vice President—E. J. Molera. 
Secretary—N. S. Keith. 
Treasurer—E. L. Ransome. — 


Directors—G. W. Percy, G. F. Allardt, W. G. Raymond, 
Luther Wagoner, Arthur F. Price. 


Mr. Molera moved that a number of volumes of the Transac- 
tions of the Society be bound and distributed at the judgment 
of the Executive Committee. Adopted. 


Mr. Keith suggested the advisability of discussing, at some 
future meeting, the subject of Windmills; and it was decided to 
request the President to appoint a committee of three mechani- 
cal engineers, and himself, to take preliminary steps in the 


matter. 


Adjourned. 
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ANNUAL MEETING, 


January 25, 1889. 
President Manson in the Chair. 


Messrs. Weber and Behr, the tellers appointed to count the 
ballots, reported that 22 votes had been cast, and that each of 
the candidates received an equal number of votes. 


The following gentlemen were accordingly declared elected: 
President—Marsden Manson. 

Vice Pre-ident—E. J. Molera. 

Secretary—N. S. Keith. 

Treasurer—E, L. Ransome. 


Directors—G. W. Percy, G. F. Allardt, W.G. Raymond, 
Luther Wagoner, Arthur F. Price. 

After a vote of thanks to the President, the retiring Secretary, 
and the tellers, the Society adjourned. 





REGULAR MEETING. 
February 1, 18892. 
President Manson in the Chair. 


Owing to the absence ot Mr. Von Geldern, his paper on 
“Falb’s Theory of Earthquakes,’ was deferred till the next 
meeting. 

President Manson described the effects of Sewage from the 
United States Mint in San Francisco, upon the materials of the 
old sewer; and the means taken to avoid their repetition in the 
new. 


Mr. Keith called the attention of the Society to the organiza- 
tion of the California Electrical Society. 

Mr. Gutzkow suggested sulphur as a protective lining for the 
sewer of the Mint, it being resistant to the acid liquors running 
in the sewer. 


Adjourned. 
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ADJOURNED REGULAR MEETING. 
March 8, 1889. 
President Manson in the Chair. 


Mr. Otto von Geldern read a paper entitled ‘‘ Falb’s Theory 
of Earthquakes. 


Adjourned. 





REGULAR MEETING. 
April 5, 1889, 
President Manson in the Chair. 
The Secretary read Mr. John Richards’ paper entitled ‘‘ The 
Klement of Labor in Engineering Estimates.”’ 
The paper caused considerable discussion, which was carried 


on by the President, Mr. Dickie, and Mr. Keith. 
Adjourned. 
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ECONOMIC HEAD FOR LONG PIPES. 


By ROSS E. BROWNE, Mem. TrEcH. Soc. 


Read June 7, 1889. 





The subject matter of this paper is intended to apply mainly 
to wrought iron pipes of large diametér, having tapered inlet 
and free outlet, anc designed for the delivery of a considerable 
volume of water, and not for the development of power. 

In a general way it may be said that the costs of such pipes, 
of the same make, are approximately proportional to their 
weights, i. e., to the products of their lengths, diameters and 
the thicknesses of iron used in their-manufacture. 


Let H be the difference of level between inlet and 

outlet. 

L ‘« the leneth of the pipe. 

D ‘the diameter. 

t ‘¢ the thickness of the iron. 

a ‘ Weisbach’s coefficient of friction. 

Q *- the volume of water delivered per unit of 
time. 

as ‘‘ the cost of the pipe per unit of length at 
any point. 

bat Gea ‘« the total cost of the pipe. 





* The cost of transportation and distribution of the pipe may be added 
where these are proportional to the weight, but the cost of preparing the 
bed for laying the pipe is not considered. 
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C,, C., C3, C,, C, ** constant coefficients. 


Th, ‘* the head corresponding to the least thick- 
ness of iron which it is practicable to 
use. 

A ‘“ the area between the hydraulic grade line 


and the approximate profile of the pipe 
line + the additional area due to h,. 

h ‘‘ the head governing the thickness of the 
iron at any point. This represents the 
variable ordinate of the area A. 


L 











The diameter of the pipe is assumed to be uniform, and the 
thicknesses of iron proportional to the values of h. The fact 
that the latter condition can only be approximated will not 
materially affect the conclusions reached. 


(6) Die: eee ne tes (1) 
Vcn i] BY ronnie Bl OAM hn Soe Ua Vl Mal eto (2) 
K=e,D°f “hdL=eD°A eee, (3) 


Equation (3) may be used in making a preliminary estimate of 
the cost of the pipe; but as the stated object of the pipe line is 








+t With diameters from say 11% to 5 feet, such minimum thickness may be 
regarded as approximately proportional to the diameters. In general 
t=c, Dh, and we may consider b,as constant within the limits of diameter 
named, 

** For double-riveted sheet iron pipe, such as commonly used on the 
Pacific Coast, c,=.000016 to .000024 for unit of dimensions 1 foot. 
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the delivery of a fixed volume of water, in order to reach a cri- 
terion of economy the cost must be expressed in terms of Q. 
2 ? ; eee | 2H : 

In applying Weisbach’s formula Q— i Nae RS ee Ce) 
to pipe lines of any considerable length, the value of AZ is so 
great that the 1 may be neglected without serious error, and by 
transformation D=c, Q**(4)"°........ *(5). 





Introducing this value of D for the delivery of a given volume 
of water, into equation (3) we obtain 


ieee a) iy gaara (6) 


It is apparent that the cost of the pipe for the delivery of a 
given volume of water is measured by the quantity A(—)**, and 


the smaller this quantity can be made, the less the cost. 


It is not uncommon to meet with cases where the head, H, is 
unnecessarily great, and where it is a matter of economy to 
carry the water a part of the way from the source of supply in 
ditches or flumes, or even in light pipe broken at intervals to 
avoid the necessity of using heavy iron. 


In estimating the cost of a very long pipe, I was somewhat 
surprised to find how low was the most economic head, H, gov- 
erning the proper location of the inlet of the pipe. 


In the following example there is assumed an abrupt slope 
and a long plane, such that the head, H, may be varied with- 
out materially affecting the length. 








_ * 4 varies with D and velocity, but may be taken for the purpose of pre- 
liminary estimate as having a constant value, say=.02, D—.22Q?5 ( EY" for 
unit of dimensions 1 foot, unit of time 1 second. It is not the purpose of 
the present paper to discuss the values of coefficients ¢,, c, and ¢;. 
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4 L / +h? e,Q4sL7-5 f° H?--h,? 
In this case A= 5 ( i i +) hence Ka ( Ws 


see equation (6), And this value of K is a minimum: for 
He-hij/ 2. 

Or it may ke said the cost of the pipe is approximately a min- 
imum for H = 3h,. 








For double riveted sheet iron pipes having diameters between’ 
14 and 5 feet, if the mean value of c,—.00002 is used, the 
value h,—165 feet, may be adopted. The cost, then, in the 
above case will be a minimum for H—250 feet, and this approx- 
imates the truth, whether the length of the pipe be 1 mile or 100 
miles. 


In the following example there is assumed an abrupt fall from 
the inlet, a long plane, and an abrupt rise to the outlet. 


oF Inlet 






as Row 


! Outlet 


—_ —— — ci SN ye ga Rey Re ea Od SY 





In this case A= + (H-+2m), and K becomes a minimum for 
He = . If mis less than h, this result will be modified. 


These cases may be applied to the Sierra Nevada water supplies 
formerly proposed for the cities surrounding the bay of San 
Francisco. The profile of a possible pipe line through Sacra- 
mento, Benicia, San Pablo, to Oakland, is about as follows: 
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130 Miles 










ANT . 
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Sea Level 















Owing to the fact that by decreasing H the length of the pipe 
is somewhat decreased, it is apparent that the most economical 
head, H, is liable to be even less than 250 feet. 


This applies to the delivery of the water at the city base. A 
simple calulation will show that with so long a pipe line (100 
miles or more) there is no economy in attempting to deliver the 
water under such pressure as is required for the city service. A 
large saving is effected by delivering the water at or near the 
city base, and then pumping it to the city service reservoir. 


If, for example, there is considered the supply of 10,000,000 
gallons of water daily from the Sierras to a reservoir back of 
Oakland, having an altitude 200 feet above the city base, the 
cost of delivery under the system of high pressure will exceed, 
by a million and a half dollars or more, the cost of delivery to 
the city base + the capital represented by the annual cost of 


pumping. 
This is illustrated graphically in the following diagram—the 
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areas representing cost— the total area the cost of the high ~ 
pressure pipe: 


Inlet 








Reservotr. 














> NO. ) \ 3 8 
=\ TAK » 


SSUNLE\ 





City Base. 


In the estimate, upon which the diagram is based, the price 
of the pipe was obtained from a large manufacturing firm. 

If the length of the pipe were only 30 or 40 miles there would 
be required a more careful estimate to determine the choice 
between the two systems. 
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NOTES ON THE BEET SUGAR INDUSTRY IN 
CALIFORNIA. 


BY E. C. BURR, MEM. TECH. SOC. PAC. COAST. 


[Read September Meeting, 1889.] 





At a time when the Beet. Sugar Industry is attracting general 
notice, it may not be amiss to call attention to some of the points 
which must be considered to make it a complete success. 

It is of first importance to find out the quality of soil which 
will produce good beets, that is, beets containing over twelve 
per cent. of sugar, with a high coefficient of purity, and of a size 
to repay the farmer for raising them. 

An analysis of a soil will give no idea of its capabilities. The 
only test is to plant proper seed in a proper manner, and exam- 
ine the resulting beets. 

In addition, the physical qualities of the soil should be ob- 
served, for, although beets will grow on adobe soil and clayey 
lands, it will be found that the cost of digging is too excessive 
for profit. The beet will also have a tendency to grow out of 
ground, showing that the soil has been too rigid to allow devel- 
opment. A rich, loose, friable soil of a sedimentary nature, is 
the one best suited fcr sugar beets. Sown in early spring, when 
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the earth is in a mellow state, which allows of its almost com- 
plete pulverization, deepest plowing and perfect preparation, 
the beets show their leaves above the ground within a week or 
ten days. Should a rain occur immediately after seeding, suffi- 
cient to cake the soil, a large percentage of the seed will fail for 
lack of power to force its way through the crust. 

As soon as three leaves have formed, or when the rootlet is 
the size of a slate pencil, it is time to begin the thinning out and 
weedine. This requires much labor and time, for the plants are 
rapid growers. Before the whole acreage, tributary to a factory, 
has been gone over, the roots will have increased marvelously in 
size. The longer the time in thinning out, the more detrimental 
it is to the plant’s growth, as it is almost impossible to remove 
superfluous plants without more or less disturbing the one that 
is tc remain. 

Hardly is the thinning over than it is time to kill the weeds, 
which for a second time threaten to choke the roots. This 
weeding over, the plants will take care of themselves, and soon 
shade the ground with their broad leaves. 

In Europe, a third weeding is often necessiry, but our dry 
climate, which later on may cause doubt and anxiety, saves us 
the expense, and to this extent is beneficial. 

Stammer, the standard writer on Beets and Beet Sugar, says 
that they delight in the strong sunshine, although sometimes 
there may be too much of it. 


In California there is but little moisture in the sky from April 
to October. Unless the earth has been thoroughly saturated by 
timely rains in winter and spring, there may be fears of drought 
with its subsequent curtailment of the yield. With all its ad- 
vantages of a long tap root the beet suffers, and after attaining 
half its growth ceases to progress, and soon shows unmistakably 
the lack of water. The leaves begin to wilt, then sbrivel up 
and dry. The root, indeed, does not at once lose in sugar, but 
on the contrary, shows a rapid increase in polarization, while 
the quotient of purity remains unchanged. Weekly examina- 
tions of the plants show a decrease in weight, first of the leaves 
then of the roots. The relations of the solid matter remain 
unchanged, but the specific gravity grows higher each day. 
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It has been stated to the writer, on good authority, that the 
eminent statistician Licht, in Magdeburg, denies the possibility 
of beets ever containing over sixteen per cent. of sugar on an 
average. But itis a fact that the beets raised this year, at and 
around Alvarado, contain an average of twenty per cent., and on 
one farm near Centerville the average is as high as twenty-three 
per cent, 


It is not, however, a subject of congratulation. On the con- 
trary, ii means abnormal dryness of the soil, with consequent 
small yieid in weight per acre. 

Asa matter of fact, the juice of the beets maintains the same 
quotient as when the polarization was lower. Nothing has been 
taken from the beet but water. Resulting from this, lands 
which hitherto have yielded twenty tons per acre, will this year 
do well if they produce ten. 

Taking the immense area of the State into consideration, 
there will always remain a large extent of territory which will 
annually produce good, fair-sized beets, with an average polar- 
ization of about sixteen per cent, and quotient of eighty-five to 
ninety. 

What irrigation will do for the beet cultivation is yet an un- 
solved problem. However, there seems to be no reason why, 
by ceasing to irrigate, say about July Ist, the roots should not 
keep on growing until September. 

The Coast counties will undoubtedly retain their moisture in 
ordinary years, but for the interior ones it will be necessary to 
adopt some form of irrigation. 

There is another danger connected with an excessively mild 
climate, to which attention must be called, and that is a warm 
autumn or winter following the harvesting of the beets. When 
kept in sheds or piles the beets are liable to sprout in this cli- 
mate, and if they do, a rapid. change takes place in the sugar 
percentage. A few warm days in November will spoil beets 
rapidly when not kept in a cool place. Happily warm winters, 
like the one which has passed, are not common within the 
boundaries of our State. 

The only safeguard against this difficulty is cold storage. With 
a view to determine how long beets can be kept at a low tem- 
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perature, it has been decided to make the test this year, by plac- 
ing several tons of ripe beets in the cold storage warehouse in 
this city, under varying degrees of temperature. If it shall be 
found possible to keep them for six months, or from October to 
April, the question of loss by deterioration will have been solved, 
and, at the same time, it will be possible to extend the manufactur- 
ing season to double its present length. Under present circum- — 
stances the campaign begins about the latter part of August and 
lasts until the end of December. During these months the beets 
must be kept in such a way that the suger contents do not de- 
teriorate. The European method is to preserve the roots in pits 
covered with earth and straw. As the winter months are cold 
it costs but little trouble to keep them at a temperature which 
will prevent fermentation or germination. 

Nor must they be allowed to freeze, for during the subsequent 
thawing a large percentage of roots will spoil. 


In California the climate is, as a rule, sufficiently cool to allow 
of the preservation of the roots. Occasionally, however, we 
have a.season of exceptional mildness, and itis especially against 
such a one that precautions must be taken. As an instance the 
past winter may be cited, when, by reason of the unusual tem- 
perature in December, over five thousand tons of roots at Al- 
varado had their contents converted from sugar to glucose. At 
Watsonville, it was reported that the loss was also great. 


Of course, if the beets could be taken direct from the ground 
to the mill the loss would be reduced greatly in amount, but 
this is not always practicable, as the factory is usually worked 
up to its maximum capacity, while the deliveries of roots often 
exceed the abilities of the factory to handle them. Sheds as a 
protection from the weather are now used, but they hardly serve 
against warm days. The quantity to store is so large that the 
outlay for sheds becomes quite an item in the cost of a sugar 
establishment. 

Possibly some method of preservation may be devised to suit 
the requirements of the climate. 

The location of a factory should be carefulty considered, for 
it is a Subject which requires much thought.. The soil of a dis- 
trict may be adapted to the profitable culture of the sugar beet, 
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and yet it may be impossible to find a suitable location for the 
necessary building, where adequate supplies of water, limestone, 
and cheap fuel may be had. ‘These materials are used in large 
quantities, and must all be of good quality and cheap. 


The water requiréd for even a two hundred ton sugarie 
amounts to 2,000,000 gallons daily, when the water is used but 
once and then allowed to run to waste. The amount may be 
reduced in quantity by using settling ponds and cooling devices; 
but as these cost nearly as much as the factory itself they are 
seldom employed even in Europe. 


The greater part of the water is used for condensation on the 
vacuum pans and multiple effects. That which is used for dif- 
fusion is about one hundred and thirty per cent. of the weight 
of beets consumed, and is the next largest item of water supply. 


As regards quality, the purer the water the better; an absence 
of magnesium salts being essential for boilers and diffusion. 


Comparatively few localities in California are bountifully sup- 
plied with water, and in locating a sugar factory one should 
rather err in having too much than too little. 


As a factory uses so much water, provision must be made for 
carrying off the waste waters. These cannot be returned to the 
stream from which they were taken, as they are not only offen- 
sive to the smell but also detrimental to animal life. These 
waters contain a high percentage of potassium salts, together 
with nitrogenous organic matter. 


For fertilizing they are unsurpassed, but they are objectiona- 
ble on account of the evil odor arising therefrom, Methods of 
deodorizing, more or less costly, may be adopted to overcome 
this evil. 


The importance of a good and plentiful supply of cheap fuel 
should not be underrated. ‘The consumption of coal amounts 
to 22-25 per cent. of the whole weight of beets worked, or say 
for a two-hundred ton factory fifty tons per day. Ona ten per 
cent. extraction of sugar this would amount to one cent per 
pound on the sugar manufactured, with coal at eight doliars per 
ton, a very large item where the total cost of sugar must not 
exceed three cents. 
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Petroleum will, in some localities, take the place of coal for 
fuel, but at present the supply is insufficient to meet the demand. 

In the matter of limestone, it may be said that the purest 
quality is required, both as a matter of economy and as a reagent 
in manufacture. It does not pay to use a poor rock, when it re- 
quires as much fuel to burn it as to burn good. And in the def- 
ecation it requires more time to saturate with poor gas than 
with rich. The presence of magnesia is prejudicial, as many of 
its salts are soluble. 

Large quantities of lime are required for defecation, amount- 
ing with sour beets to as much as four per cent. of the weight of 
beets used. The sources of limestone in this State are common 
enough, but they are not always of a sufficiently pure quality 
for sugarie uses. The supply of good rock is plentiful enough, 
however, for all factories which may be built, and no mistake 
should be made in this respect. : 

It is almost superfluous to call attention to the matter of trans- 
portation as a factor in locating a factory, but this item is by no 
means small, and a high freight rate will eat largely into the 
profits. Few factories will handle less than twenty thousand 
tons of all products and supplies, even without taking the beets 
into account. Water transportation is not always to be had, but 
undoubtedly those factories which locate on great water ways 
will kave a great advantage in the development of this industry. 

To what hmit per ton a factory can go in its freight expendi- 
tures, it is, of course, impossible to foretell, but for those fac-’ 
tories which may turn out refined sugars in localities distant 
from the refining centres, a high rate will prove advantageous, 
provided raw materials can be delivered at the sugarie for small 
cost. 


The question of a sufficient supply of good and profitable 
labor is one which, in time, will solve itself At present it is 
difficult to get a sufficient amount of good labor. The ne- 
cessities of the industry, from seed time to harvest, require a 
small army for their supply. The thinning and weeding admit 
of no delay, and for about two months, after the beets are up, 
the demand for labor is constant. The work of itself requires 
no great amount of strength, but the stooping posture in thin- 
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ning out is very tiresome, and few white laborers like it. The 
Chinese seem to be fitted by nature for the business, and after 
once learning what is wanted can do the work satisfactorily. It 
is better to let it out by contract at so much per ton for cultiva- 
tion, topping and loading, with an advance when the weeding is 
complete, rather than to pay by the day, or per acre. If paid 
by the day constant watching is required; if by the acre they 
thin out too much, and the yield will be small; by the ton, the 
object will be to get the largest umount possible per acre. Chil- 
dren may be ce but their labor is uncertain. 

As the factory is only in operation for about four months, and 
that, too, in fall and winter, it is easy to get sufficient Jabor, 
the only difficulty being that each season sees a new crew, en- 
tirely unfamiliar with the work. Local labor should be utilized 
as much as possible, and many will return year after year, As 


the country becomes more populated, this minor dignealty Wilts 


become less and less. i 


The residues of a sugarie consist of pulp, frond which Sugar 


has been extracted, and molasses. i 
The amount of pulp turned out from a two hundred ton fae- 


tory in a season is very large, and requires immediate remoyal Ory 


storage. The demands for it are small at present, Bak yl in- 
crease aS soon as farmers discover its value. At présén'ty it 


stands in about the same relative position as do fertilizers. MELE 


PPh iit t> 


farmers think they can do without them. For fattening neat 


cattle or for feeding dairy cows, nothing can be superior. Still 
its introduction will require time and patience. The pulp should 
be a source of profit to a factory, and its profitable disposal 
should be a subject of interest. Its preservation in this climate 
is open to improvement over the present method of simply 
piling up and allowing to ferment. Still, the writer has seen 
pulp two years old in this State, which was at that late date 
eagerly sought after by milch cows. On examination, after re- 
moving an outer layer of a few inches, it was found to be free 
from unpleasant ordor, and of an agreeable, slightly acid taste. 

The beet molasses is not edible, hence unsalable on the mar- 
ket as a syrup. As itis only used for making vinegar, the supply 
will soon exceed the damand—and then what? It contains too 
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much sugar to be thrown away, but its eRe extraction i is 
an open question. 

The various. extraction methods are numerous, ue many of 
them are good. The one question to be solved is that of econ- 
omy. To extract the sugar alone cannot pay except with high 
prices ruling. The conversion of the molasses into alcohol and 
subsequent recovery of the potash salts from the residue, would 
aid materially in the development of the industry on this coast, 
but some modification of the internal revenue laws in relation to 
the tax on alcohol will be first necessary. Alcohol for manufac- 
turing purposes should be free from any internal tax. The— 
English system of adding a certain amount of methylic alcohol, 
or ‘‘ wood spirit,” to common aleohol, might well be adopted in 
this country. 

In conclusion, although the difficulties in the way of the de- 
velopment of the Beet Sugar Industry are maay, there are none 
insurmountable. California has many locations where the ac- 
cessories are to be had without incurring too great expense. 

Probably for a few years the pulp and molasses will return no 
profit, but the time will come when a demand will arise for all 
the pulp which can be had, and a method will be suggested for 
the utilization of the molasses. 

For some time to come the labor required for harvesting may 
be dear and scarce, but that matter will also adjust itself to cir- 
cumstances. 

Factories will be built in the near future with materials of 
home manufacture, and the operators will be Californians. 
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MINUTES OF MEETINGS. 


REGULAR MEETING. 


Friday, May 3d, 1889. 
President Manson in the Chair. 


A discussion on the proposed union with the Mechanics’ In- 
stitute was held. 


On motion of Mr. Gutzkow, the Board of Directors was 
directed to confer with the Mechanics’ Institute to determine 
terms upon which the Society can be admitted to the Institute, 
and report to the next meeting. 


The President appointed Messrs. Bell, Wagoner and Raymond 
a ‘* Committee on Windmills.” 


Adjourned. 
N.S. Kerru, Sec’y. 





REGULAR MEETING. 


Friday, June 7th, 1889. 
President Manson in the Chair. 


Mr. Ross E. Browne’s paper, entitled ‘‘ Economic Head for 
Long Pipes,” was read and discussed. 


Adjourned. 
ING. KRITH, pec y. 
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There were no Regular Meetings of the Society in the months 
of July and August, 1889. 





REGULAR MEETING. 


Friday, September 5th, 1889. 
Vice-President Molera in the Chair. 


The Secretary read Mr. E. C. Burr’s paper, entitled ‘‘ Notes 
on the Beet Sugar Industry of California.” 


Adjourned. 
N.S. Kerra, Sec’y. 
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A GRAPHICAL METHOD FOR ESTIMATING 
EARTHWORK. 


By Wn. G. Raymonp, Mem. Tech. Soc. P. C. 
[Read December Meeting, 1889.] 





In a recent text-book on Surveying, by Prof. J. B. Johnson, 
of Washington University, we find a method given for graphically 
approximating the volume of earth to be moved in grading an 
extended surface of irregular outline. The writer does not 
remember to have seen the method described elsewhere. While 
attempting recently to apply, from memory, the method above 
mentioned, there was evolved a somewhat different way, which 
it is believed possesses certain advantages over that given in the 
text-book. Both methods are so simple that the writer does not 
doubt they have been used by others ere this ; but as he has not 
seen the one used by himself in print, he ventures to present it 
as a method of computation that for irregular work is rapid and 
as accurate as any with which he is familiar. 

Inasmuch as it is believed that the method given by Prof. 
Johnson is awkward of application, under certain conditions, 
that method will be first considered for comparison. 
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Figure 1 is substantially that used for demonstration in the 
text-book. ‘The irregular full lines are contour lines drawn for 
every foot of elevation, and show the conformation of the surface 
of the ground in a square which it is proposed to grade down to 
a plane surface such that the contour lines of the finished grade 
shall be the straight full lines drawn diagonally across the 
square. The figures at the ends of these lines and those written 
on the natural surface contours are elevations above some 
assumed datum plane. 


td 








B 71 h 2 738 yi og) 
Fig, 1 


The sides of the square are to be vertical. | 


Where a contour of the finished grade crosses a contour of 
the natural surface, the cut or fill (cut in this case) will be the 
difference in elevation between the two contours—as for instance, 


$ 
§ 
; 
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where the grade contour 78 crosses the natural contour 85. the 
cut will be 7 feet. By marking all points of intersection with 
the cut or fill at those points and connecting points of equal eut 
or fill, we get a series of curves shown by the dotted lines in the 
figure. These curves are the traces, on the original surface, of 
planes parallel to the grade plane and uniformly spaced one foot 
apart vertically. The perpendicular distance between two adja- 
cent planes is not one fool, but something less than one foot. 
This distance may be obtained graphically by evident construc- 
tion, or it is known from the rate of grade, taken in a direction 
perpendicular to the grade contours. Let the uniform vertical 
distance between adjacent planes be h. The excavation having 
vertical sides, the curves of equal cut (in this figure) will all lie 
partly in the lines forming the sides of the square. The closed 
area made by each of these curves is the projected area in cut in 
its plane, and these areas may be measured with a planimeter. 
The area shown in the figure over which the cut will be just 8 
feet is the area Abc A. That over which the cut is just 7 feet 
is dd 777 édc.e A. That over which the cut is just 6 feet is 
A f 666 dc. g Bh 666 dc. 1 A. 


The areas for 1, 2 and 3 feet cut are each the whole square. 


These areas being measured they are used as end areas, the 
common vertical distance between them as length, and the 
volume computed by the prismoidal formula. 


For the quantity between alternate planes, we have, letting 
A, A, A, &c. be the areas of the planes, 


h 
Vig 3; (Ar + 44,-+ 4s) 


ne = (4s sale ae As ) &e., and 
for an even number of layers we have in cubic yards— 
V er (4+ 4A, +2A,+4A,1+2A,-+ WCE vsieeiid ) 
Xi . 


n being an odd number. 


Thus far the method seems to be correct, but we have consid- 
ered only grading to a plane. If the surface to which we are. to 
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grade is a warped or other irregular surface, partly in cut and 
partly in fill, the writer conceives that the method is not readily 
applied, as will appear in the consideration of the second case. 


80 Ble err iy 89 





bi] Fiy, y) 78 79 


The method proposed by the writer consists in drawing the 
natural contours over the area to be improved, and then the 
contours of the finished grade. The closed figures formed by the 
intersecting contours of equal elevation are horizontal areas of cut 
or fill separated by the common vertical and perpendicular dis- 
tances between successive contours. These areas may be measured 
and the computation made by the prismoidal formula, as in the 
previous method. Where the grade contours do not intersect 
natural contours of equal elevation, but themselves form closed - 
areas, those areas are to be measured. ‘Taking the figure we 
have already given, some of the areas of cut would be as follows: 
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At 87 foot level area A k1 A. 

6! SGds Sie rere £ Ae min Ay, 

ts bi commen eminy<h3 9 Os Der w's.-O% 
SY oe! Se 2A BOTS MB St Oa 


Let us now take the same plot of ground and suppose it is 
required to grade it only to a somewhat more even or smooth 
surface, preserving practically the same general form, and as 
nearly as may be the natural elevations on the boundaries. In 
Figure 2 we have the plot with grade contours shown by the 
more regular and lighter curves. The dotted lines joining the 
intersections of contours of the same elevations are lines on the 
original surface where adjacent cut.and fill meet, i. e., ‘“‘grade 
lines.’’ In the case of the small cut, near the top of the figure, 
marked A, there are two possible sets of grade lines, as shown. 
A knowledge of the ground would tell which to use. Some of 
the areas would be as follows. Beginning with the small piece 
of cut on the right we have— 


At 81 foot level area in cut, nothing. 
“Co tel a Wa Ie BP Saar cos ns a oe 
Chatteh TMESS Ti? Seah ae aaaine o085 eo a 
pe ieiaes get toa. 8 ES ao things 


We next have fill areas as follows:— 


At 88 foot level area in fill, nothing. 
ce 87 66 oe ce 6c 6é G hi. 
66 86 6c 66 66 6c 66 k l m, &e. 


The areas being measured the computations are made as 

before. It is not affirmed that the solids computed are all pris- 
-moids, but that the prismoidal formula when applied to them 
will give results as near the truth as any other method, and as 
accurate as the construction will warrant. 


The method herein presented has given the writer great satis- 
faction in just such irregular work as that outlined above, and 
also in computations for regular structures built on irregular 
ground. 


One example will be given :— 


A small reservoir is to be built on a hillside, and will be partly 
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in excavation and partly in embankment. Figure 3 shows such 
acase. The contours—for the sake of simplicity and brevity— 
are spaced five feet apart. The top of the wall—shcwn by the 
full lines making the square—is ten feet wide and at an eleva- 
tion of 660 feet. The reservoir is 20 feet deep, with side slopes 
—both inside and outside—of two to one, making the bottom 
elevation 640 feet, and 20 feet square, the top being 100 feet 


660 __ 








676 


686 





680 670 Fig. 3 660 
square on the inside. The dotted lines are contours of the 
finished slopes, both inside and out, at elevations shown on 
the figure. The areas in fill all fall within tbe broken line 
marked abcdefghik, and the cut areas all fall within the 
broken line marked a b cde f go. These broken lines are 
grade lines. The areas of fill and cut are readily traced by 
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following the closed figures formed by contours of equal eleva- 
tion, thus— 


At 640 foot level area in fill is ps t. 


(73 650 ce ¢¢ 66 a3 (73 lmnuvxl. 
2650 Shae tee eae (CULM Ridiearo th uel. 


The other areas are as easily traced. In the figures given the 
lines have all been drawn in black for economy in printing. In 
practice they should be drawn in different colors to avoid con- 
fusion. 


The method thus outlined in this paper might be used in con- 
nection with contour maps of railway locations for preliminary 
estimates, but the writer is not sure that there is anything to be 
gained by its use in this way. It possesses, perhaps, one small 
advantage, in that it applies mechanically the curvature cor- 
rection. 


aN op 
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ON THE STRAINS IN CURVED MASONRY DAMS. 


By Husert VIsCHER AND LUTHER WAGONER, 


Mens. Teca#. Soc. P. C. 


[Read November 1st, 1889.] 


EXPLANATORY NotE.—In this paper, the term strain has not been used to designate 
elastic changes in dimension, as now customary with many writers. Stress and strain are 
employed, without distinction, to signify internal forces per unit area. 


The object of this paper is to submit to the Society the results 
of a set of calculations which were made mainly with reference 
to the Bear Valley Dam. Full plans of this structure were 
courteously furnished us by Messrs. Black and Chamblin, Civil 
Engineers, at the request of F. E. Brown the engineer who 
built the dam, and to whom we had written for data. 

The failure of this structure to collapse under the pressure of 
a full reservoir which it has now borne for five years, augmented 
at times by the thrust of a sheet of ice two feet in thickness 
has been a matter of surprise. Tested by theory as commonly 
applied to masonry dams, failure should have resulted, and its 
efficiency points—we believe—to the strains being taken up by 
this dam in some manner other than is usually assumed. 

We have been led to a theory which this paper will outline, 
but which we prefer to offer as an application to an accom- 
plished fact rather than as a purely theoretical deduction. 

The Sweetwater Dam,* another interesting structure, but of 





*Designed and built in 1888 by Jas. D. Schuyler, Chief Engineer, near 
National City, San. Diego County. For description see Transacts. Amer 
Soc. Civil Engrs., Vol. XIX, page 201. 
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far less startling design, which during most of the time of its 
construction. was immediately supervised by one of the writers, 
has been subjected to partial examination where comparative 
figures were desired. 


A difference of opinion has long existed among engineers as 
to the extent to which masonry dams built to a circular curve 
in plan, can offer resistances additional to those which a straight 
dam of the same cross-section would oppose to its water load. 

By some it is taken for granted that the curved structure is 
free to act as an arch, and capable of transferring all its load 
through the curve to its abutments ; it is maintained by others 
that no such action can take place, or if it takes place at all, 
then only to a limited extent hardly worth considering in a de- 
sign. The result of our calculations leads us to conclude that 
the latter statement is practically correct; that arch action, 
as usually understood, adds but little to the strength of a 
curved dam, notwithstanding which the curved form may to a 
very marked degree afford additional resistance, and this in a 
manner less dependent on the radius of the curve than the arch 
theory implies. 

If our explanation proves correct, we believe that the infer- 
ence to be drawn from our paper will not be without practical 
value ; if it fail under a practical test, we hope that our figures 
may still preserve some interest and may invite further study in 
other quarters. Whatever the outcome, we trust to have 
pointed out the inadequacy of the usually accepted theories to 
explain the case of the dam at Bear Valley. 

Were abridgement not an object, through fear of overstepping 
the proper limits for a paper, it might not be uninteresting to 
briefly review the literature which has accumulated upon this 
subject. French engineers have long considered the question 
and the “Annales des Ponts et Chaussées” may be referred to for 
several papers. During the last two years the subject has at- 
tracted much attention in this country owing to the proposed 
construction of the Quaker Bridge dam, which is designed to be 
265 feet high from the foundations, the largest dam ever pro- 
jected. The question of the relative merit of the curved and 
straight type was discussed in the report to the Croton Aqueduct 
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Commission, the conclusion arrived at being that, in the case 
under consideration, a curved dam would require a section 
about twice as great as that recommended for a straight 
gravity dam; that is to say, were the dam to act purely as 
an arch, the application of the ordinary formula for arch 
pressure (‘‘hoop pressure”) would give the above value for 
the requisite cross-section, provided the strains were not to ex- 
ceed desirable limits; and the report concluded that, beyond 
certain widths of cafion (by which the available radii are in a 
measure determined), the curved type ceased to present any ad- 
vantages and possessed inherent objections.* 


The report attracted considerable notice in the engineering 
periodicals of the time. That the conclusions did not receive 
unqualified acceptance may be seen from the very cleverly writ- 
ten review which the editorial columns of the ‘“ Engineering 
News” contained, and also from the final recommendations of 
the ‘‘Board of Experts,” who subsequently recommended a 
curved dam. Attention is also invited to the discussion which 
Mr. Schuyler’s paper on the Sweetwater Dam called forth 
in the American Society of Civil Engineers,+ which discussion 
is of interest, as it states the views of many well qualified pro- 
fessional men. The present paper has probably found its direct 
incentive in that debate. 

Stated briefly, the point in dispute is about as follows. For 
narrow gorges the application of the formula for arch pressures 
may be made to give cross-sections of considerable economy over 
gravity profiles.{ The advocates of the curved type seek to 
utilize this fact, and assuming the capacity of the dam to act as 
an arch design accordingly. Against this method it has been 
urged that the conditions for arch action do not exist, and that 
the fundamental assumption above made is an erroneous one. 
It is suggested that the curved dam essentially differs from an 
ordinary arch in the fact that it is rigidly fixed to its founda- 





_ *We shall show that- the formula for the arch thrust which led to this 
conclusion, does not hold good for arches of elastic material. 


tSee Transactions Amer. Soc. Civ. Engineers, Vol. XIX, No. 398. 
tSee Ponts et Chaussées, Vol. 141 (1879), Paper No. 17, by M. Pelletreau. 
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tions. Now the action of an arch is to resist its load by com- 
pressive strains transmitted along its curved lines to the abut- 
ments, whereby owing to the compressibility of all material 
under pressnre, a shortening of the length of the arch must 
result, and owing to this change in length, a change in the form 
of the arch takes place, all points being pressed inward .under 
the load; hence, a certain freedom of motion is an essential 
condition for arch action. At the base of the dam this condi- 
tion cannot exist, and at higher points in the dam it exists only 
to the extent to which the elasticity of the masonry (in a vertical 
sense) admits of motion such as arch action requires. Consid- 
ered thus, the initial strain must be taken up and transmitted to 
the foundations, and arch action can only play a secondary part, 
relieving to a greater or less extent the strains which, if the 
dam were a straight one, would all go to the base of the dam. 
It would therefore appear merely a question to determine for 
any given case, what proportion of the load is taken up by the 
arch, 


The opponents to the use of all curvature, however, maintain 
that the curved dam is a compound system, in which the factor 
of arch resistance is so indeterminate that good practice pre- 
cludes its consideration, and that the curved dam should be 
given a section exactly the same as that for a straight gravity 
section. From this they conclude that as the curved dam is 
longer than a straight one, an unnecessary use of material re- 
sults from the use of the curve, the only offsetting gain being a 
possible enhancement in architectural effect. In this connection 
the sacrifice of a so-called ‘‘ scientific method,” the departure 
from the suppositiously simple strains in the straight type ap- 
pears a point of much concern to the holders of these views.* 


Of the three notable dams with cross-sections smaller than 
would be accordant with conservative practice for the design of 
straight dams under like conditions, the Sweetwater Damt} and 
probably the Zola Dam also, can hardly be drawn on as estab- 





*As regards the real simplicity of strains in straight dams, we shall have. 
something further to say later on. 


tFor cross-section, see sheet 4. 
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lishing precedents for the auxiliary action of curvature. For, 
even without any such outside support, they do not warrant the 
expectation of failure, as they are stable structures against 
which it can alone be urged that they may contain tensile strains 
in excess of what good practice usually sanctions. Concerning 
the Bear Valley Dam we regard the case as different. Absolute 
failure was predicted, and correctly too, provided the strains in 
curved dams corresponded at all closely to those determinable 
for straight dams. The design could hardly have been made 
with less regard to theory, had it specially aimed to serve as a 
test case ; apart from its startlingly slender dimensions, it spans 
an are of only 425 degrees, and its radius is comvaratively 
speaking very large—say 337 feet to the center of its coping. 
The dam differs so materially from any previous structure that 
it cannot fail to be an interesting subject for study ; its success- 
ful record may well put our theories to the test. 


In the discussion of Mr. Schuyler’s paper an investigation 
was proposed, the object of which was to establish the extent to 
which arch action might enter into the problem. Our first 
studies were directed to carrying out this calculation, an intelli- 
gent application of which encountered difficulties evidently not 
foreseen by the proposers of the method. The results form the 
fist portion of our paper and are given without any prelimi- 
nary comment as to the extent to which the method compre- 
hends the full elements of the problem, The suggestion is an 
outside one, but we hope to have applied it fairly. 


FIRST METHOD OF TREATMENT. 


Consideration of the Curved Dam as a System of Elastic Vertical 
Beams, Relieved by Spring Compression (Involute Hypothesis). 


The proposition is to imagine the dam sliced up by vertical 
radial planes into separate beams of unit width, and to deter- 
mine the deflection which each such beam would sustain under 
its portion of the external load, if it were imagined to rest ona 
layer of springs so adjusted that they may offer the same resist- 
ance to compression at all points as would be offered by the 
arch, if compressed to a like degree. The idea is represented 
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in the adjoining Fig. 1. AB is a leaf spring supported by 
springs of vatying: strength, s,; s,, s,, &c., but all of originally 
equal length AC = a, and ica upon by forces k,, k,, k,, &e., 
which deflect it into the new position AB,. We desire to deter- 
mine the form of AB, after compression ; also the distribution 
of the load between the leaf and spiral springs. 


: The problem appears a somewhat novel 
4EG f. one, and at first sight the data for its de- 
termination seems insufficient. However, 
the real difficulty lies principally in not 
knowing in advance the exact form which 
the arch will assume under any load to 
which it may be subjected. It is clear 
that upon the form assumed by the curve 
for any given deflection, say one inch at 
the crown of the arch, will depend. its 
modified length after compression, that 
is to say, the resistance in pounds for this 
deflection. 

As regards the nature of the curve which 
the compressed arch would assume, cer- 
tain inferences could be made with cer- 
tainty that they must apply to the actual 

SSS form, Owing to the symmetrical law of 
Sao loading, it was safe to assume that the 
tangent at the crown after deflection, would still preserve its di- 
rection; also that atthe abutment the tangent must remain un- 
altered ; for a sudden change in direction at the abutment must 
mean rupture of the arch from its end supports. Regarding the 
arch as acurved beam, certain known qualities of such beams made 
it clear that the form must be such, that its radius of curvature 
could only increase by successive increments from the abutments. 
towards the crown ; that the moments of the external load and 
the abutment reactions by which the shape of the arch is de- 
fined must change continuously, and are not liable to reach a 
maximum or minimum value for some intermediate point be- 
tween the abutments and the crown, and then change from in- 
creasing to waning values or the reverse. 
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Not to complicate the calculations too much in its earlier 
stages, it appeared desirable to assume some curve which seemed 

_ Suitable, and whose mathematical relations are determinable by 
calculation, and afterwards to test the correctness of the as- 





sumption. The curve which was assumed for the deflected arch 
was that shown in Fig. 2, namely, the involute to (two) circular 
generating circles (evolutes). In this figure, AB represents 
one-half of the original undeflected arch, A being the abutment 
and B the middle point or crown. AB, is the corresponding 
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half arc after deflection, and BB, the movement at the crown 
For any given value of the half central angle 2V and radius R 
of the arch before deflection, we may determine’ the radius of 
the evolute for any assumed value of the crown deflection BB, ; 
also z, the shortening of the arc, or the difference between AB 
and AB, ; furthermore the radial distance LK, at any point L 
on the are to the opposite point K on the involute, and the dif- 
ference in direction of tangency of the two curves at these 
points. The main properties which concern us are the short- 
ening z of the half arch AB for any value of R and 2V, the 
half central angle of the arch. It can be shown that 


eA DB )2V; 
or, for the shortening of the whole arch, 
22 = BB, x 2V. 


That is, the compression of the whole arch equals’ the as- 
sumed deflection times the are of the half central angle of the 
areli® 


For any point, L, whose angular distance from A is v, the 
offset, LK, is 
LK =r (tang Vv’ — $v’). 


For 20 points on the curve evenly distributed along the arc, 


the offsets expressed in percentages of BB, (the crown deflec- 
tion), are as follows: , 








AL in 3 of arc AB........ 1 2 3. aad SD ideDs te ek fae! eee) 10 
LK in percentages of BB,..| 007|.028).061).104|. 156) .216|.282).352 .425) .500 
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LK in percentages of BB,..|.575) 648.718) .784|.844).896].939| 972 .993 1.000 
io: | 





* The term are is used throughout the paper in its ordinary mathemati- 
cal sense; namely, the ratio of the length of any arc of a circle to its radius, 
the angle being expressed in terms of x, notin degrees and subdivisions of 


degrees; the relation being 7=3.14159=180°. Hence, all angular values 
a, ¢, w, V, &., always signify the length of the are whose central angle is 


a, ©, w, V, &., but measured upon a circle whose radius is unity. 
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Having decided temporarily to consider the deflected arch as 
the involute determined by the deflection BB,, we may proceed 
to determine the value of the spring reactions, or the uniformly 
distributed load which is required to produce a crown deflection 
BB,, equal 1 inch in any section of arch 1 foot high. The ex- 
ternal load of q lbs. per square foot will produce a pressure of 
qk lbs. in the section of the arch, and if ¢ be the thickness of 
the arch at the point considered, then ae s will be the strain 
per square foot, or hoop tension in the arch. The general law 
of compression 1s— 

s:(144E)=2:1L. 

If 
(144K) = modulus of elasticity per square foot, 

4, the compression of the whole arch (= 2z2=—BB,2V = 7; 4; 
viz: for 4 = % central angle and BB, = 1 inch = +, foot), 
L = Length of the whole are = 2Rza; 


For which values our formula becomes, 


qh k . 4 
“, +» (144) = ya: 2Re, from which 


12 





ip(144E)t 
we oar ia 


q being the force per square foot to produce 1 inch deflection 
at crown, ¢ and R’* being expressed in feet. 


Having now settled upon an expression for the spring reac- 
tions (under the assumption that the deflected arch will take the 
involute form), we may proceed to determine the proportion of 
the load which will be sustained by the beam, and what portion 
will be borne by the springs (7. e. by arch compression). 

In our calculations for the Bear Valley Dam we doubled the 
value of the spring reactions, which was equivalent to assuming 
a modulus twice as great, or double stiffness for the material in 
a horizontal sense that it was assumed to possess in a vertical 
sense. The reason for doing this was that the dam is built of 
long stones with relatively less mortar joints, horizontally, and 
the modulus of the granite undoubtedly being greater than that 
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for mortar, we made this concession, being for our purposes 
quite willing to give the benefit of any doubt that might exist 
in favor of arch action. We used a modulus of 3,000,000 for 
the arch force and only 1,500,000 per square inch for the beam. 
In all subsequent calculations a modulus of 1,500,000 tbs. was 
used. The absolute value employed was probably rather small; 
however, except in the case here referred to, where a relatively 
greater value is used for one portion of the masonry than for 
another (the masonry being imagined to be stiffer in one direc- 
tion than another), it is perfectly immaterial what value be 
taken for H, as long as relative, not absolute deflections are con- 
sidered. The modulus is a common factor of all terms, hence is 
always eliminated. 


The solution is not a difficult although nota direct one, but 
obtainable by the method of approximations. 


Were the beam unsupported entirely and subject to no spring 
reactions, the shape which the beam would assume under its 
load and its deflections at all points would be easily determined 
from the equation of the elastic line, which in its simplest form is 


1 M 
Phe oi 
p being the radius of curvature at any point for which the 
moment of external forces is M, and the moment of inertia of | 
the cross-section of the beam at that point being T (namely for 
rectangular beams one foot wide and ¢ feet high, T = ;4,/’), ail 
measurements being in feet. 


From inspection of Fig. 3 it will be seen, if we consider a 
small part of the elastic line as a circular are of radius p, that 


P 
responding to a length of the are 1 foot long. By considering 
the whole beam divided into m equal parts, each of the length 


the value + is the central angle and the deflection angle cor- 
iy 


a l,, then if » be taken sufficiently large we may consider for 


the small length J, the radius p still unchanged for the whole 
element /,, and then suddenly compounded with a new radius p,, 
which may again be considered as describing an are which, for 
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3 ; 
an equal length A may again be substituted without error 


for the corresponding length /, of the elastic line. Thus, by 
suitable selection of n,a compound curve may be substituted for 





the elastic line, which it will correspond to, to within any de- 

sired degree of accuracy. Similarly 4 and. will represent re- 
is e 

spectively the central angle and the deflection angle for a length 

of curvel,. As weare dealing with very small angles, we are 


warranted in setting tangent av for Me whence for the linear 
p p : 
offset or deflection of the point A, from the tangent AB, we 


have— 


or inserting for its value from the equation of the elastic line, 
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% 


For E we must here write 144K, if we wish E to represent the 
modulus per square inch; futhermore, if /, is to be represented 
in inches, then a factor 12 must be introduced and we have 
1B Bel Weld Oe Bi 


vo opp (in inches). 
9(144E)., : 





J; (in inches) = 


Now if we represent by the letter a the deflection from the 
tangent to the curve at the last preceding point, and by f the 
total deflection from the original tangent AB, then at the- 
second section from the base we will have 


J, =A,B,=f, + 2a,-+-a,= 3a,-+a,, where a, would be 


Nee ae and the deflection at any point will be as follows: 
= os 
J, = 3d, a, 
ag Can od, a 3a, + a; 
J, = Ta, + 5a, 3a,-+ a, 


ete., ete. 
Sr=(2n—1)a, +i 2n—3)a,-(2n—5)a,+....+....+50,_,1+3a, 1+, 


For the Bear Valley dam we have divided the height 43 feet 
into ten parts, whence J, = 4.3 feet, aud using a modulus of 13 
million, our deflection formula becomes— 


M 4.3? 
3,000,0000 








J (in inches) = 


from which and the preceding the elastic line for the unsup- 
ported beam was calculated (see sheet 2, right hand side). This 
strain sheet also shows the moments of the external forces acting 
upon the beam, namely the moment of water pressure acting 
horizontally, shown as a curve in broken lines; then the same 
modified for the influence of vertical water load on the back of 
the wall and the influence of excentricity of the weight of 
masonry, shown as a curve with a full unbroken line. ‘The or- 
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dinates to this curve, measured horizontally from the axis AA, 
are the moments used for calculating the deflections of the 
unsupported beam. 


Now, as regards the action of the spring forces, if we draw 
them into the calculation (presupposing the formula to have 
been tabulated for all required dam thicknesses), it is clear that 
the unsupported beam has deflected more at all points than it 
would have deflected had elastic springs opposed its deflection. 
On the other hand, if we assuine that the springs really acted 
during the first unsupported deflection and were actually com- 
pressed to the full extent of the deflections for the unsupported 
beam, it is evident that the resistance so computed would be 
greater than the beam would really be subjected to. For had 
spring resistances been introduced into the original calculation, 
the beam would have been deflected less than our calculation 
showed; hence, the springs themselves would have been less 
compressed than to the extent, of the deflections of the unsup- 
ported beam. The curve marked “ spring reactions, correspond- 
ing to deflections of unsupported beam,” gives these limiting 
values for the spring reactions, measured horizontally from the 
axis A’A1, 

Now, if we draw these reactions with their excessive values 
into the calculation, calculate the values of the resisting mo- 
ments which they would exert at each section of the beam, deduct 
their values from the moments used to determine the elastic line 
for the unsupported beam and use the residual moments to cal- 
culate a new elastic line, we can predict that this line will be 
deflected less at all its points than would the beam if it rested 
on the actual springs; for these deflections were calculated with 
a greater spring resistance than would actually be exerted. The 
true elastic line must therefore lie somewhere beiween the first 
and last calculated line, which is shown ‘on sheet 2 and marked 
*¢ Ist approximation to the elastic line of supported beam.”’ 

As regards the moments of the spring resistances which we 
assumed to have been caleulated in the calculation which has 
been just outlined, their determination is very simple, and 
graphical methods are very appropriate. From the curve of 
spring reactions we know the rate of spring resistance at each 
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section of the beam. For this curve, the area embraced between 
any two sections and the curve and the axis represents the 
amount of spring resistance acting on this section of the beam, 
- and the center of pressure of the reactions on this section must 
pass through the center of gravity of the enclosed figure. In 
our calculations we considered it sufficiently close to take a 
mean, between the extreme values of the spring forces at the top 
and bottom of any subdivision, multiplying it into the height of 
the subdivision, 4.3 feet, and considering the product as a con- 
centrated load acting at the center of the section. 

4eg ie 
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Now, to recall an elementary graphical construction—see 
Fig. 4—the force K, will produce at the support, A, a moment 
Ku. If Kh be plotted to scale as the line AB,, and B,C, be 
drawn, then will the line PP, represent the moment of the force 
Jy at the point P. If a second force K, act, its moment at A 
will be K,J,, and if this be plotted as the line 5,B, on the same 
scale as was before used, and B,C, be drawn, then will P, P, repre- 
sent the moment which K, produces at P, and PP, = PP,+P,P, 
will give the moment due to both the forces K, and K, at this 
point; and so on for any number of forces. 


Upon this principle, the ‘‘curve of moments of spring 
forces corresponding to the deflections of the unsupported 
beam ”’ was constructed. At any section, the ordinate to this 
curve, measured horizontally from the axes A’d’, gives the 
moment of spring resistances for this point. Strictly speaking, 
the line A'A’ should coincide with the line AA. To avoid too 
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great confusion of lines, the line A'A' was used as an axis, 
whereby a known error of 100,000 foot-pounds was committed. 
With this error allowed for, the horizontal ordinate between 
this curve and the ‘‘curve of moments of the external forces ”’ 
gives the residual moment to be used in calculating the elastic 
line, which we designated as the ‘ first approximation to the 
elastic line of the supported beam.” 

From the deflections last determined, a new set of spring 
forces is obtained, which is shown as the curve of ‘‘ spring re- 
actions corresponding to deflections of the approximate elastic 
line.”’ These resistances are evidently too small, for the last de- 
flections were too small. By using these forces just as the last 
set of spring forces were used, a new set of deflections would be 
obtained which would be too great, but not so much too great 
as were the deflections of the unsupported beam, and between 
which and the last calculated line must lie the correct position 
of the properly supported beam. By alternately using in suc- 
cession too small and too great values for the spring forces, 
closer and closer approximation to a solution may evidently be 
approached. 

A much more direct method however exists: namely, if the 
original spring reactions be designated as 


, 4 4 . ff 


Seng Sy, uP 
and the second set as 
4S r /7 sf é s¢ 
Becta th ve 5: Vener amnernn fc S, | 


and to the lower set one-third of the differences between these 
and the upper set be added, a new set of values of the form— 
He ee, ) | sy’ + 4(s,° — 8,"") ( sx" +4(s,’ — s,’") } 
= es A | = ahs (’ | = s,/" \ eee OR 
| 819 + 3810 een, 
= 8i9 ” 
will be obtained. 
Now, if instead of the values s’’, as was last proposed, we use 


these modified values s’”” and considering them as spring forces, - 
calculate their opposing moments and after deducting these 
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from the external force moments, use the residuals to determine 
new deflections for the beam, these deflections will give spring 
resistances almost identically equal to the assumed set s”’,* 
and a practical adjustment is obtained at the second trial. The 
forces s’ form the curve marked ‘‘ curve of adjusted spring 
reaction,” their moments giving the ‘‘ curve of spring moments 
(adjusted) ”’ and these latter deducted from the ‘‘ external force 
moments”’’ form the ‘‘curve of moments adjusted for spring 
resistances.’’ With these, the ‘ elastic line adjusted for spring 
resistances ” was calculated, which gives the form which would 
really be assumed by our beam under the influence of the given 
loads and spring reactions. The ‘‘ curve of adjusted spring re- 
actions ’’ gives at any point the load per square foot borne by 
the arch at that point. The ‘‘ curve of moments adjusted for 
spring resistances ’’ gives the moment acting upon the vertical 
beam at any point, and the ratio of the ordinates of this curve 
to the ordinates of the ‘‘curve of moments of the external 
forces’’ give the percentages by which the bending strains in 
the beam have been relieved by the spring support. These per- 
centages will be found in column 13 of table 1, which table gives 
all the main elements of the calculation described. 





*To show how close this approximation is to an exact solution, we give 
our figures. 


The spring resistances 


4 2 
assumed to be the spring resistances reduced to the center of each section, 
were: 








Cae + s,’’’) Caer at Hci ee (89° + Sy9“") 
2 2 


E20 P.2oo. +216 > 191. | LEQ PI se eh eo0 soos 


The corresponding values resulting from the elastic line calculated with 
the above assumed resistances were: 


210.5 222.5 214.5 197.0 163.5 125.0 86.2 50.6 21.5 4.6 


These differences would have affected the moment at the base of the 
beam, where the ruling strain is produced, by 3,430 foot-pounds, or about 


3,430 


689,500 = .C05, or say one-half of one per cent. 


The beam moments need a slight increase and another closer approxima- 
tion might easily have been made, but this seemed indeed a superfluous 
refinement. i 


BEAR VALLEY DAM, TABLE 1, 
Showing the Main Elements of the Calculations Graphically Represented in Sheet 2. 


« 
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The curve of moments of the external forces (or the values in 
column 9), together with data in columns 4 and 5 of table 1, af- 
ford convenient data for determining the maxima tensile and 
compressive strains in any section of the beam under the as- 
sumption that no arch action takes place, that is to say, fora 
purely gravity treatment. By using the ‘‘ curve of moments ad- 
justed for spring resistances,” or column 12 in place of column 
9 (or its equivalent curve), the strains in the beam relieved by 
spring resistance may be determined. These values together 
with the line of strain in the dam section under each of these 
conditions of loading, are shown upon the strain sheet (sheet 2). 

Assuming the involute theory to be correct, and our very lib- 
eral assumption of double stiffness in the horizontal layers to be 
warranted, then it wculd appear that the effect of arch resist- 
ance is to reduce the bending moments at the bottom of the 
dam by about 19%. At higher points in the section the relief 1s 
greater (passing up to a point of no bending strain at all a little 
below Section 2, beyond which point in the supported beam, 
the moments change their sign and become negative). The bct- 
tom moment, however, fixes the ruling strain, and the percentage 
of relief at the bottom is consequently the determining element 
in estimating the extent of arch relief. Whether it be within the 
capacity of the masonry to withstand strains such as our strain 
sheet shows without rupture, is purposely overlooked for the 
present. 

It may be objected that our hypothesis that the arch would 
assume the involute form under compression was an arbitrary 
assumption ; also that besides arch reaction, independent resist- 
ances to deflection might present themselves through “‘ beam 
action” on the part of the vurved layers of the dam; furthermore, 
that in our calculations only the central section of the dam has 
been considered and no reference been made to the action of 
other vertical sections of the dam. 

We propose now to test the “involute theory ” by considering 
the curved layers as horizontal curved beams with immovable 
terminals ; to determine directly (independent of any prior as- 
sumption) the form which they would assume under loads acting 
normally to their surfaces, 7. e. convergent to a common central 
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point, and to determine the strains which would be produced in 
them for given deflections, or for given loads. 

The theory of the ‘‘ Curved Elastic Beam” is treated of in the 
more advanced works on Mechanics, but the deductions are 
probably not so familiar to most practicing engineers as to war- 
rant easy conversancy with them. 

A treatment, moreover, for loads such as we have specified, 
namely radial loads, is not one which we remember to have 
ever seen, and from the purely special nature of its application 
to our present case believe that it may never have been made 
before. We therefore insert a brief reference to the theory of 
the elastic beam, condensed from Professor Ritter’s text book, 
and extract the formulas which for our purposes are fundamen- 
tal ones, before proceeding to the special development which we 
require. 


Treatment of the Arch as a Curved Elastic Beam Loaded with 
Radially Acting Loads. General Characteristics and Funda- 
mental Equations of the Elastic Line for Curved Beams. 


In the theory of the elastic beam, it is shown that when the 
beam is originally curved, instead of straight, that similar gen- 
eral conditions exist as in the case of the straight beam ; that a 
neutral axis exists, which when the beam is deflected under a 
load suffers no strain, and whose length therefore is not changed; 
that all fibres, on either side of this neutral axis, have to adjust 
themselves to the load by being either lengthened or shortened, 
thereby assuming tensile or compressive strains, according to 
their position with reference to the neutral axis; that these 
strains form a system of parallel forces, those on the one side of 
the neutral axis acting in the opposite direction from the forces 
acting in the fibres on the opposite side of the neutral axis; that 
the combined action of all the forces in any one radial piane 
is to form a coaple of forces, the moment of which opposes, and 
is equal to the moment of the outside forces, at each section of 
the beam. It is also shown that for a beam of rectangular sec- 
tion, the position of the neutral axis is no longer in the center of 
the beam, but is located nearer to the center of curvature ; that 
its eccentricity depends upon the ratio of the depth of the beam 
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to its radius of curvature before the beam is bent; that the for- 
mula 


; “7 — M 
w 
which applied to the straight beam, no longer rigidly applies to. 
curved beams, but has to be modified to 


M = ( T ) N, 
w 
! h 
N being a constant determined by the value of n= R (where 


h equa] the height, and R the radius of the beam) such that for 
rectangular beams 


: |r —log nat. (1 + nyt 

6 ) 

N = ST; 
ie 

a+ ) log nat. (1-+n)—1 


If w equal the height of the neutral fibre above the bottom of 


the beam, then it is shown that, when n = 10, n = 2.888, and ; 
— 0,317; when n =1, N = 1.287 and i 0.448; when n— 


0.1; N = 1.033 and a= 0.492: when n —0,N = 1 and sd 
) % 


05). 


When the ratio n becomes nearly zero—that is to say, for 

beams of large radii compared with their depth—the value of N. - 
becomes so nearly unity, and the neutral axis in that case is so 
little removed from a central position in the beam that the for- 


mula — T—M ean be used without appreciable error. In this 


formula, s = maximum strain in the fibre farthest distant from 
the neutral axis, w = distance of this fibre from said axis, T 
and M being the moments of inertia and the moment of the ex- 
ternal forces, acting at the section. 
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In the development of the differential equation of the elastic 
line for the curved beam, it is first shown that the relation exists 


(Eq. A) ETdw = Mds 


(See Fig. 5) where, dw is the infinitely small change in direction 
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eh 

(4) 
between the terminal planes of a differential length of the beam, 
ds (whose original curvature was dg) under an external load 
which, at the section AB, produces a moment M, acting in the 
manner shown. 





By a comparison of the two shaded triangles, in the adjoining 
Fig. 6—if the same be imagined to be so placed upon one an- 
other that the point N fall upon Ni, and horizontal sides still re- 
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tain their horizontal direction—two expressions may be obtained 
for the angle w (expressed in terms of arc, of course), viz: 
ery 

da 


(Kq. B) Diz 


dx — dx, 
um odg cS 

By inserting into equation A (in any particular case) the spe- 
cial values for M and ds, which the curved shape of the beam 
and the law of its loading furnish, and then integrating between 
the limits 0 and w on one side and 0 and s upon the other, the 
value of w is obtained from the equation 


ET o = {* Mds = Ms, 


(Eq. C) D 


where w represents the whole change in direction between the 
tangent to the curve at N and that at N, after the beam is bent. 
When this is done, the value thus obtained for w may be suc- 
cessively inserted in equations B and C:.; after which, by per- 
forming a second integration, the movement which the point N 
will undergo, will be given in a horizontal sense from the one 
calculation, in a vertical sense from the other. ‘These three de- 
rived equations give the direction of the elastic line and the co- 
ordinates of any desired point; hence fully determine its form. 

Prof, Ritter, in his ‘‘ Lehrbuch der Hoeheren Mechanik,’* 
applies the calculations which we have indicated, to beams of 
circular curvature, and develops the elastic line for the case of a 
vertical force working at the end of the beam, for a horizontal 
force applied to the end of the beam, and also treats the case 
where a couple of forces is applied at the end. He also consid- 
ers the deflections which will be produced at any point of tbe 
beam beyond the point of application of the load, whether the 
load be vertical, horizontal, or a couple; after which Ritter 
shows the change in length of the beam due to compressibility 
of the material. 

The results of all these calculations are necessary to us in our 


*Part II, ‘‘Lehrbuch de Ingenieur Mechanik,” by August Ritter, pub- 
lished by Carl Riimpler, Hanover, 1876. 
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treatment of the arch as a curved beam, and the consideration of 
the elastic changes which are produced under the influence of 
continuous loads which all tend towards a common center, or act 
normally to the arch. We therefore transcribe a series of equa- 
tions which we have numbered 
both with plain figures, and with 
figures with asterisks attached to 
them, and which it is believed 
a reference to the annexed figure 
(7) will make sufficiently clear 
as regards the cases to which they 
apply. The formule which are 
numbered with plain figures give 
the changes of co-ordinates pro- 
duced at any point P, whose 
distance from A is the are g, 
lose new co-ordinates are x,and y,, and whose original co- 
ordinates were x and y. The Pere rending formulee with aster- 
isks, give the changes which take place.at the end of the beam, | 
B: whose settlement and horizontal shifting are then _Yespect- 
ively called o and é. 

All these formule can be found with lucid deductions in 
Ritter; their development at this place is of course impossible, 
on account of limited space. They are to us fundamental 
equations, and we assume them as known. 





Couple of forces, of moment M, applied to the end of the beam. 
1 ETw = MR¢ 

2 ET(y,—y)—=MRe¢sing + cose —1) 

3 ET(«— «,) = MR*(sing — ¢cos¢). 

1* ETw=MRa 

2* ETso = MR*(asina-+ cosa — 1) 

38*  ETé=MR(sina — acosz), 


Vertical force at end of beam. 


4 ETo—VR*¢gsina + cosy —1) 
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5 ET (y, 0 Sy eeee ering | 


6 ET(#—a#,)=VR’ sina(sing—geose} +5" Saee 


4* ETo — VR*(asina + cosa — 1) 


5* ET>o— VR’ ; als +- sin’a) + $sin2a — 2sina 





3sin’ 
6" Pe ee Vn os “1. cosa —1— josinde 


Horizontal force applied at end of beam. 
7 EKTo = HRsing — ¢gcosa) 


8 ET(y,—y)—HR’ J 4sin’g + cosa(1 — cose — gsing) 


RS 
ee 
9 ET(*«—z2,)— HR’ | 4¢ — tsin2¢ + cosa(¢gcosg — sing) ; 


7* ETo = HR*(sina — acosa) 


38in’a 
2 





sk ETso— an} —+tasin2a + cosa —1 ’ 


9* ETs— HR? 4a(1-+ 2cos’a) — $sin 2a t 


Vertical Force at End of Beam; 4—= Change of Length of Arc, 


VR(1 — cosa) 


LOX die 
HE 


if F represent the area of cross-section of beam. The changes 
in horizontal and vertical direction caused by the shortening 4, 
are respectively: 


VR(1 — cosa)cosa 


*K fom / FNS 5 aia 
11 E’ = Acosa = ii 
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VR(1L — cosa)sina 


oO sina EF 


Change of Length of Arc 2, for a Horizontal Force H, at End 
of Beam. 


13k J— HRsina 
EF 
14* oe Al HRsin’a 
EHF » 


1px ef HRsinacosa 
: EF 


Vertical Force Q at Point P; Change at End of Beam. 


167 gee ae De By ering | coset) 
ET) \ 


% Qa yoy eee . 
SL trae =-py ) 28in¢ + cosa(1— cosg — ¢sing¢) 


No further change takes place in direction of final tangent 
after passing the point P (see equation 4*, using ¢ in place of «); 
hence 


ETw = VR*(¢sing + cosg — 1). 


We require for our case also to know the changes produced by 
a radial load @. These alterations may be obtained from Rit- 
ter’s formule by successively substituting for Q its vertical and 
horizontal components, Qsinzg = H and Qcose — V, or Qsing = H 
and Q@cos¢g = V, as the case may require, and then after obtain- 
ing the changes produced by each component, combining the 
results in one formula. The formule which we have developed 
directly, have ail been checked by this method, but were all ob- 
tained originally by direct development. Space will not per- 
mit of giving the complete’development of the formule for 
radial forces (although they may be new). We will treat one 
case sufficiently fully, however, to illustrate the method of deriva- 
tion and take one of the simpler cases: 
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A Radial Force Acting at the End of the Beam. 


The force Q (Fig. 8) will produce at any poixt P a moment 
M = Q times the arm PP, — Rsin(a — ¢); hence, for this case, 


M = QRsin(2z — ¢). 


As we are dealing with a circle, the differential of the are s is 
ds = Rdg, from which for the infinitely small change dw pro- 
duced by the load Q at the end of the beam (see eq. A), 


ET dw = Mds = QR’sin (a — ¢)d¢. 


Hence, to obtain the total change in direction of the line up 
to any point P, we have to sum all the differential changes do, 





for all the small arcs ds which collectively make up the are 
AP =s; or, to obtain w the total change, we integrate the 
above and have 


ETo — i *Mds = Lf QR’sin(a—g)dy 


which solved, after separating the integral into two integrals 
by expanding the term sin(a — ¢), gives 


Strains in Curved Dams. 101 
ETw = QR’ | sinasing + cosa(cosg — 1)} or 


18 ETw = QR’ | cos(a4 — ¢) — cosa } : 


If we wish to obtain the change of tangent direction at the 
end of the beam, we have only to integrate between the limits 
g —0 and g =a, from which we get 


KTw = od a “sin( (2— ¢)dg = QR’ i cos(a — a) — cosa 
18* ETw = QR*(1— cosa) 


which could of course have been directly obtained from 18 by 
setting « in place of ¢. 


Having obtained the value of w (eq. 18), we set it in eq. B, 
whence 


oh OY a} cos(a — ¢) — cose L 


But from the figure, R sin g =, whence dx = Reos¢gd¢g; sub- 
stituting which 


HT (dy,—dy) = QR’ { cos(a — ¢) — cosa } Reos¢d ¢ 


== QR*cos¢ ; cos(a — ¢) — cosa } dg 


which gives the relations of the infinitely small change in ver- 
tical position produced upon the small are ds located at the 
point P; whence, by integrating between ¢ —0 and ¢ = ¢, we 
obtain the vertical settlement at the end of the whole arc s 
whose central angle is ¢; that is 


ET(y, — y) = QR’ fcosg: cos(a — ¢) — cosa dy 


which, after expanding cos(a—g) and multiplying by cos¢g 
separates into 
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ET(y,— y) = 


0 O 


— QR) sina { Psingeosedy+cosx{ feos" pdy—eosa[ Feosydy 


from which, after performing the integrations indicated and 
suitably reducing, we get 


19 ET(y,— y) = QR’ | dsinasin’y—cosa(tsin2¢—sing+4¢) f 


If on the other hand we insert the value of w from eq. 18 in 
eq. C, we get 


2 
Tr, cos(a — ¢) — cosa 
dy E'T 


and observing that y = R(1 — cos ¢), whence dy = Rsin ¢dg, 
ET (dx — dxz,) = QR’ | cos(a— ¢) — cos a : Rsin gdg 


which equation gives the change in length (measured horizon- 
tally) in the small arc ds; whence by integration, we get for the 
change of position of a point P, whose distance from A is the 
are ~==8 


ET (0c — a) — QR f ¥sing code oye cose do 


which integrated gives 


20. ET( a—z,)= 


wee NAM | sin a($¢ — 4fsin 2¢) + cos a($sin* g +- cos ¢g — 1) : 


Now, if in equations 19 and 20 we set a in place of ¢, we get, 
after suitably reducing terms, 


19% BTo = QR’ | Jsin + cos a(}a — sin a) ; 


20 eb eee) by | 3 sin a + cos a (cos a — 1) | 
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Changes produced at the end of the beam by a radial force Q, 
working at a point P between the support A and the end of the beam. 


21x BTs= QR? i sin a —3sin g-+ cos ¢ (}y —sin a) | 
22%) EDS =) by ite sin ¢ — cos «(1 — cos ¢) ' 


ELASTIC ARCH WITH RIGID ABUTMENTS AND RADIAL LOADS, 


Preliminary Treatment; Considering the Beam Elastic, But Not 
Regarding Compressibility of Material. 


Nore.—[{c@ All the resuits obtained from this treatment need modification. 


The elastic conditions which exist in circular arches for ver- 
tical loads have been often discussed. As regards the case 
where the forces all converge towards the center of the are, we 
know of no treatment and have therefore deduced formule to 
meet the deficiency. 





If we regard a single load at the point P, (Fig. 9), we know 
certainly that the vertical forces at the abutments must be equal 
to the vertical component of the load, on account of the sym- 
metrical nature of loading; seeing that for any point P, on one 
side of the arch, we may select a corresponding point P on the 
other side, which will be subjected to an equal load, and if we 
consider them conjointly, it is apparent that each abutment 
must carry an equal share of the double load, whence V— Q cos ¢, 
for any single pair of loads. 
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Whatever the form of the curve assumed by the arch 
after it is loaded, the tangent at the crown must re- 
main unchanged in direction on account of the symmetry 
of the load. Besides the forces Q and V, there must also act 
at the abutment a horizontal force H, which for the present 
shall be left indeterminate and only be designated as the 
force H. Now in determining the settlement of the point A, it is 
immaterial whether we conceive the point A to move downward 
toward the abutments, or imagine the motion such that the abut- 
ments move upward toward the crown. The assumed rigidity 
of the abutments, however, permits no motion of the abutment 
B horizontally toward the crown A, the span of the arch being 
regarded as unalterable. Hence we can consider the half arch AB,, 
for that matter as built into a solid wall, and consider the other 
half AB as a flexible beam acting under the influence of three 
forces Q, V and H, each of which will produce horizontal and 
vertical deflections at B, the amount of which may be obtained 
from our fundamental equations 1 to 22 inclusive. 


As B is prevented by the conditions of the problem from 
moving horizontally, the combined influence of the three forces, 
as regards imparting horizontal motion to the point B must be 
zero, whence 


a3 = Jeg eee Pel pelts Sy omg io 
Eg + fy — Fy = 0, or StS Vie 


Using equation 6* and substituting Q cos¢ for V, we have: 





fo Tr c08 ¢ | Sat cont — desin dat, 


furthermore, from eq. 22%, 


3 
pet COS a (COS ¢ Mg sesh 
KL \ 
and from eq. 9* 
HR’ 





$a(1-+ 2 cos*a) — #sin 2a ; 


& 
Es 
co 
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és : : 
ae } cose ht ey [—e08e(eose—1)— a | 


which easily reduced to 
3 
Se QR cose e= aad — asin 2a — 1) + cosa— $esing 


Setting this value equal to the value obtained from eq. 9*, we 
obtain 





{5 . 9 
a} cos (“asin 2a—1) + cosa—dysing 
psi ee 
$a(1 + 2cos’a) — #sin 2a 
which last equation gives us the value of H in terms of Q. 


_ Now if instead of Q we write qgRd¢, considering it the uniform 
load g, acting upon an infinitely small arc ds = Rdg, we can 
write instead of H, in the last formula dH, considering it the 
small horizontal reaction at the abutment, caused by the dif- 
ferential load gRdg. Representing the bracket in the numerator 
by A and the denominator by B, we have 


t= Bie} Acone + cona—desine | 


and we obtain the horizontal reaction at the abutment, in case 


the whole arch is loaded with the uniform load g, by integration 
of the above equation, wherefore 


R , ) 
Ha) A fos ede + co ag 882 


which integrated gives 


B= TE | Asin a + S800 dain 
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Now if we write for A and B the values which they represent, 
suitable reduction brings the bracket quantity in our last for- 
mula to Beosa, and we have 

24 H — qR cos « 


for the horizontal force at the abutments. 


Upon the other hand we have seen that a single radial load Q 
produces at the abutments a vertical force V—=Qcos¢g. Now, 
if we set Q — gRd¢g, and set dV in piace of V, we obtain by in- 
tegration between the limits g = 0 and g =a, 


25 V=dqksina 






A i GSI 


Referring to our figure (Fig. 9), the resultant N of the forces 
H and V forms an angle ~ with the horizontal, and this angle is 
given by the relation 


tang ¢ = ie 


Now, setting for V and H the values just obtained, we have 


V _ gksina 
H gkcosa 





26 tang ¢ = = tanga. 
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Whence ¢ = 4, or we see that the resultant is a tangent to the 
curve at the abutment. As to the value of N, it is easy to show 
that 


27 N =oR. 


Having determined the reactions which the abutments exert 
under the uniformly distributed radial load gq, we will next pro- 
ceed to determine what the settlement at the crown A, will be. 

The vertical displacement co, which a radial load Q acting 
at a point P would produce at the end of the beam B, provided 
no force acted at the abutment, can be directly taken from 
Eq. 21*, and substituting for Q, gRd¢, (that is to say, consider- 
ing Q the uniformly distributed load upon an infinitesimally 
small arc Rdg); corresponding to which modification, we set do 
in place of «. After making these changes, the integration of 
the modified equation will give a, the total settlement at the end 
of the beam; viz.: — 


=< °° "" Br GhQ (2 sina— 4sing--cosg ( © — sina Ud, 
g g=0 . ET 0 % ; Cae i 2 ( : 


The integration of this equeation gives the value of « which 
will be produced by the uniform radially acting load, and which 
we will call oo, 


Ageid qR’ 3asina ets 





cos a — 1 — sin 2a 


As regards the settlements o, and o, which the forces at the 
abutments will produce, we can obtain them directly from the 
fundamental equations, by setting gRsina in place of V in Eq. 
5*, and substituting in place of H its value gR cosa, in Eq. 8*. 

As regards the total settlement co, the radial load and the 
horizontal force H tend to deflect the beam in the opposite di- 
rection from that in which V would bend it; hence the total 
settlement is, 





Po! pe 


6 = 6 + oy — oy. 
After inserting for o, the value ahove given, and introducing 
the values oy and co, from Eqs. 5* and 8* (modified in the 


108 Strains in Curved Dams. 


manner suggested), an equation for o is obtained, which prop- 
erly manipulated reduces to 


sad Vasina—asina 0, 
BD | | 


that is to say, for equally distributed radial loads there should 
be no settlement at the crown of the arch. 


A load acting at a point P whose distance from the point of 
support is the are s = R¢ (see Fig. 10), can produce no further 
change in the form of the beam, beyond the point P, where the 
force acts; hence at the end of the beam, the tangent will be 
changed only to the extent which the direction of the tangent at 
P is changed. For a radial load Q at P, the extent to which the 
tangent at the end of the beam will be altered, may be obtained 
from 18*, if remembering what has just been said, we regard P 
as if it were the end of a beam AP, and appropriately substitute 
¢ for a; then the change of tangent at P will be 


ETo = QR*(1 — C08 ¢). 


Now, setting for Q, gRd¢ and integrating between ¢ —0 and 
gy =a, we have | 


py te “a — cos ¢)dg = asin a) 

which will give the tangent direction at B, for a uniform load qg 
on the whole arc AB. By inserting in Eq. 4* for V its value 
gR sina, and setting gR cosa in Hq. 7* in place of H,we get the 
alteration which would be produced at the end of the beam by 
the forces at the abutment. Calling these w, and w,, and com- 
bining them with w,, we get the total shifting at the end of the 
beam produced by the conjoint action of the uniform load, to- 
gether with that due to the reactions which the load occasions 
at the abutments: that is, 


If the indicated phieilacon be made, the ment hand side of 
the equation reduce to zero, and we have 
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es aig) 
ET | 

Hence the combined aciion of the load and its reactions at 
~ the abutments, should cause no change in the direction of the 
tangent at the abutment; from which we infer that there should 
be no free moment or couple of forces acting at the abutment. 

We will next inquire what the moment in the curved beam at 
a point P (see Fig. 10) would be. We will consider the arc 
between P and the abutment B uniformly loaded with the 
weight g, per unit length of arc. We need not consider the load 
on the portion of the arch between P and the point of support, 
because none of the loads which are on that portion of the beam, 
can produce moments in the beam beyond their point of ap- 
plication, seing that we regard the arch as a beam free to move 
at its end, and have already provided the abutment reactions which 
a fixed beam, loaded along its whole length, would create. The 
loads between P and B are all radial and equal, (we are consider- 
ing the case of uniform loads only); whence their resultant, Q 
must pass through the center of the circle, and be normal to the 
chord PB at its middle point. The magnitude of Q it is easy to 


see must be 
Q = 2qR sin (“5*) : 


namely the projection of the whole load gR(a—g¢) upon the 
chord PB. The moment of this resultant force Q at P is 


me BON pare (=*). 
Q sin : ) Eh ones ( seta 


As regards the influence of the projection of the load 
qR(«— ¢) upon the versed sine of the are PB, the forces bal- 
ance; hence can produce no moment at P. 

Now taking the point P as acenter of moments, it is apparent 
that should there exist any surplus or free moment at P, it must 
necessarily be the difference between those of the forces Q and N, 
(which latter is the resultant of the abutment forces V and H.) 
Now N = QR, (Eq. 27) and its arm is 
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n=R | 1—cos(4—¢)} , whence 


m= oR} 20iw (25°) { — a |1—cos(a— ¢) | 


but as the bracket quantities are equal (by plane trigonometry), 
M —0 


and as P is any point on the are, the deduction is a general one; 
hence, for a uniformly distributed load, there should be no free 
moment at any point in the beam. However, if in the funda- 
mental equation of the elastic line, (Eq. A) we contemplate the 
case M—0 for all points, then dw must be 0 for all points; 
whence the conclusion would be that no change in the co-ordi- 
nates of any point could take place—or in other words, the form 
of the arch would undergo no change under a uniformly dis- 
tributed radial load. 


Now, if atany point P ic 
(see Fig. 11) we imagine the 
portion of the arch between 
the abutment and the crown 
entirely removed, we have 
shown that at the point P 
no free moment should exist; atk 
that is to say, all the forces Wz G7 
acting at P must act nor- ; 
mally tothesection. Iffor / ~~ 
the portion of the arch ‘O 
shown in Fig. 11 we set up the equation of moments, choosing 
O as a center, we obtain the equation 


KR—NR=gR.R, or K=gR; 


that is to say, the forces throughout the arch must act normally 
to the section and be constant at all points and equal to qk. 





REGS: 


We have thus far considered the arch under the assumption - 
that it was flexible, but have not taken into account the changes 


* 
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in the length of the arch, which the forces would produce by 
reason of the compressibility of the material. All the deduc- 
tions which have been made are, therefore, subject to modifica- 
tion. However, before attempting to modify the preceding 
- deductions by investigating what the influence of compressibility 
of the material will be, let us summarize the results which we 
have arrived at from the preliminary investigation. Were the 
preceding conclusions correct, we might formulate a law, about 
as follows: : 


‘‘Yn a flexible arched beam, which is acted upon by a 
uniformly distributed load which at all points is normal to 
the beam, no change in form is produced; the forces which are 
induced by the load are constant at all points, and act at right 
angles to the section, being equal to the product of R, the radius 
of the circle, times q, the load per unit length of are. Hence, 
under the assumption that no axial compression takes place 
along the arch (as would be true for an arch constructed of a 
material whose modules of elasticity Ei were o), the circular are 
may be considered as a figure in perfect equilibrium under 
loads uniformally distributed over the are and acting radially to 
the same.” 


For such an arch, no motion would be required for it to sup~ 
port loads of the character specified; from which we infer, that 
the stiffer the material against compressive strains, the more 
nearly the above law would hold good. 


The reason for our not having considered the compressibility 
of the material up to the present point, is threefold. 

First of all, the law which we have formulated corresponds 
entirely with the ordinary formula for ‘‘ hoop compression” or 
arch pressure for radial loads—the formula, namely, which was 
used in determining the requisite section for the ‘‘ Quaker Bridge 
-Dam,” comparing the curved and straight types. 

Second—Had we regarded axial compression from the start, 
our investigations would have been much complicated. 

Third—That-we are now able to treat the effect of compress- 
ibility as a separate factor in the investigation, with a freedom 
which will hereafter become manifest. 
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Modifications Arising out of the Compressibility of the Arch 
Material. 


For the case of a vertical or horizontal force acting at the end 
of a beam, the formule for the compression are developed in — 
Ritter and will be found in our general equations 10 to 16. 
For a radially directed load, we will develop the formule. 
It might at first sight appear that the force Q, being normal to 
the are at B (see Fig. 12), would exert no influence upon the 
length of the line. The force Q is normal to the curve at B, 
‘ but in order to be borne by the beam, it must be transmitted to 
the point of support A, which can be done only by its success- 
ively passing through, and influencing each element of the are 
between Band A. Hence, while the force Q 1s normal to the 
are at B, it may be said to be normal to it at no other point. 
Now let us consider a differential of the are ds, at P. The 
force Q at this point can be resolved into two parts, the one 
Q sin (¢g—/¢), tangential to the curve; the other Qcos(¢g—~y), 
normal to the same. ; 


_ The radial component can 
produce no change in the 
length of this particular ele- 
ment ds, and can be disre- 
garded; the other component, 
Q sin(¢g— ¢)—the tangential 
one—will produce a shorten- 
ing of the elementary arc ds 
which we will call dA. The 
value of dd will be given by 
the ratio, 






Q 
Lig 12. 


f _ Qsin(g—¥¢) . »__Qsin(g—4)_ 


ds F BF ~ Rdy 








if F represent the cross-section of the beam; from which 





RB sin ( sah h) 
di _Q a ¢ du 
EF ¢ 


- 
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This equation gives the compression which the force Q will 
produce upon the element ds—Rdy¢; whence, to obtain the 
shortening of the whole arc BA, we have to integrate the equa- 
tion between ¢ —0 and ¢ — 9g, obsesving that in this integra- 
tion ¢ is a constant quantity, not a variable one; hence, 


é pp ee Y __ QR tf ' pee Gt 
ee 2 =f Pua PX f fsin(e— eae =F — 208 9), 


and if we wish, for the sake of uniformity with our other for- 
mule, to speciaily designate the central angle for the whole 
beam by a, then we have only to write « instead of ¢. Doing 
this, equation 28 becomes 


gael = FF (1 — cos) 


Furthermore (see Fig. 13), the equations 


8 
% 
8 
va 


~ 






29% Z ee sin «(1 — cosa), 
and 


30* | ¥ =1c08 a= cos a(1 — 008 4), 


give the movements in vertical and horizontal direction, pro- 
duced by the radial load Q at the end of the beam, and resulting 
from the compression of the material. 

The preceding formula 28 gives the change in length for 
a solitary load Q at the end of the beam. If we wish to 
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determine the compression which the end of the beam will un- 
dergo, in case the whole beam is uniformly loaded with radial 
forces, we must substitute gRd¢g for Q in Hq. 28 and set di in 
place of 2, and then integrate the equation between the limits 
g = 0 and ¢ =a; doing which we obtain 


2 R? 
Si ee ba “(1 — eos ¢)de = an (4 — sin a). 

Besides the uniform load, however, we have the abutment 
forces V and H, both of which tend to shorten the arch by 
amounts which we will call 4, and 4,,, and which can be obtained 
by setting in equation 10* and 13* the values qRsina and 
qRcuosa in place of Vand H. These equations then become, 
after being slightly simplitied in form, 











1 qh’ ( 1 pled sin 2a ) 
POEr).” em 
qh’ sin 2a 
ea TB ee 


Having now determined the influence which the forces pro- 
duce separately, we may obtain the total compression arising 
from their joint action, by summing the separate effects; that is 
to say, by setting ip the equation 


has Ag tone es 
the values which we have found. The result is an equation which 
easily reduces to, 








R Reha 
32 a 
from which 
A gk ap 
Rio (fae 


In this formula Ra is the whole arc, and ee the force acting 


in the arch per unit area; hence the compression is equal to that 


- 
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which a straight beam of the same length as the arch would 
R 
undergo, under the load = per unit of area. Furthermore, as 


the force throughout the arch is constant, it follows that the 
compression is equally distributed along the arch. 

_We have arrived mathematically at just what would have been 
predicted, a priori; nevertheless, the conclusion must be qual- 
ified with the reservation, that this value for 4 is only correct, so 
long as the horizontal force H remains unchanged and continues 
to be gR.cos a, which condition is generally not fulfilled. 

In any arch with immovable abutments, the span is fixed, and 
the vertical reaction V must remain unchanged, no matter what 
change in. form the arch undergoes. It is different with the 
horizontal force H; this may and will alter in magnitude, with 
the changes which the arch undergoes under compression. Now 
if the actual horizontal force, instead of H-—qRcosza, assume some 
other value h, we can still write h = H—(H —/h) and represent the 
difference (H —h) by another letter H,, that is to say, instead 
of considering H reduced or increased to h, as the case may be, we 
may consider H still acting in undiminished force and another 
modifying force, H, associated with it, but nevertheless an in- 
dependent factor in the case. The reason of this introduction 
of an auxiliary force will become apparent. Still continuing to 
regard the crown A as being fixed and B the movable, instead 
of the fixed point, we may imagine the forces which act on the 
arch as grouping themselves in the manner, and coming into 
action in the order following: we may consider the radial load and 
the forces V and H as acting in unison and forming a separate 
set, under whose conjoint action the compression / really takes 
place according to Kq. 32, the abutment B thereby assuming 
the position B, (see Fig. 14). During this movement, B will 
have traveled in a horizontal sense through the small distance 


; R’a cos a 
eee) cog 7 Le : 
EF 


the value of 4 being that given in Equation 32 (compare I’ig. 13). 
This will be the sole effect produced by this set of forces, and 
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having allowed for which, they need not be further regarded, 
except to remember that they produce a uniform compression 
g at all sections of the arch. 


We may next consider the force H, coming into action upon the 
beam, in such a manner that it tends to neutralize the movement 
E and re-establish the span of the arch to its original value, 
hereby moving the end of the beam outward a distance 


as ae 4a(1 + 2 cos’a) — $ sin 2a 


which value we obtain from Eq. 9*. At the same time be it 
remembered, the the force H, will produce a lengthening in- 
fluence upon the arc, which must not be lost sight of, and which, 
expressed in terms of H, (whatever the value of H, be), will be a 
quantity 


pre BAe HR gin 2COS 2 
EF 


which we get directly from Eq. 15*. 

Now, if we considered the force H, alone to completely over- 
come the movement &' and re-establish the span to its original 
width, one of the conditions of our problem would be fulfilled, 
but not another, namely that the direction of the tangent to the 
curve at the abutment shall remain unchanged; for no matter 
what form the arch may assume in taking up its load, the 
tangent at the abutment must retain its direction, as long as the 
arch remains atiached to the abutment and does not crack away 
from the same, which latter is inadmissible,—for we are only 
trying to build up a formula which shall apply within the elastic 
limits, letalone those of ultimate strength. Now, the first change 
produced upon the tangent to the curve was when the arch was 
assumed to be shortened up from B to B’. During this motion 
the tangent shifted to the extent of the small angle 4w (see Fig. 
14), such that 

A 
KR4o=:i or 4Jo= R 


The effect which the modifying horizontal force H, would 


~ 
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exert on the tangent to the curve, may be obtained from Kq. 7*, 


viz., 


Oy = Sou (sin a — 2 cosa) 
and this also would tend to increase the change of direction, 
not to overcome it. Now, the only way that the tangent can be 
re-established to its old direction, is with the help of a moment 
M, acting as shown in Fig. 14.+ 





fort fp 


However, this moment M will also exert an influence < 
upon the width of the span, besides altering the direction of 
tangency by an amount w,,,—an expression for which two values 
may be obtained from Eqs. 3* and 1%, viz: 


MRa 
eg Ply 


__ MR? 


= aT 


(sin a — a cos a) 





tThe moment M is simply the couple of forces produced in the fibres of 
the beam at their immediate surface of contact with the abutment; the in- 
ternal resistances (oo one side of the axis of the arch compressive, on the 
other side tensile) by which the arch material resists being wrenched from 
its contact with the abutment. 
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Under the influence of H, and M, B, will pass to a new po- 
sition B,, which must be in the same vertical as the point B, be- 
fore any motion took place. This condition of an unchangeable 
width of span can only be fulfilled if 


e ab ene ate é” ae oe 


or, inserting the values of these quantities, if 








3 iF Henan ee (sin 4 — 4 cos a) = 
— or ga(1 = 2 cosa) ar t sin 2a ae 


But the equation 
Oy = Wy, + Jw 
must be fulfilled, since the tangent at the abutment must not be 
altered in direction, or 
MRea _ HF 


(dD) aT aT (sin a — a cos a) + fe 





Eqations (a) and (b) contain onlv two unknown quantities, M 
and H,; hence we can determine both the corrective force H; and 
the moment M at the abutment. 

From (b) we obtain, 





Mose oH, Rin 4 oe oe + ae 
0. R’a 
but from equation 32 we have, 
A Eigeng, 
a Ries 
whence more simply 
oo M = A (sina — cosa) +95, 
(74 


If this value of M be inserted in Equation (a), an equation for 
H, is obtained which can be reduced to the form 


- 
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gk 


R'F \-(a-} sina 7/2)(4—sina,/2) , cosa] , 
“ T 2asina 2 Lava 


34 H, = 








Equations 33 and 34 may be said to solve the problem of the elastic 
arch for uniformly distributed loads; H, and M alone produce 
deflections in the arch and determine the shape of the elastic 
line, subject however to modification for the effect of the uni- 
formly distributed shortening of the arc, which is produced 
under the combined action of the load and the abutment reac- 
tions V — qR sina and H = qh cosa. 








{Formula 34, for 4=0 and R=o, becomes H, —@R; namely the first 
term in the denominator, though apparently of the indeterminate form »20 
is really 0, and cos@ becoming 1 for 4 = 0, the whole denominator becomes 1. 
For the same value of @, the horizontal arch resistance H —qRcos4@, also 
becomes qR; that is identically equeal to H,, the modifying force. Hence 
the real value of the horizontal force at the abutment, or 


H — H, =qR—qkR=0. 


Formula 33 for this-case gives M=0O; the first term being zero, as the 
bracket quantity at the limit becomes strictly (l1—1) and the second term 


zero, since in this term 3 still stands for 
4 


2E LE 
ak?” % length x R 


which is zero, both because R -= am and A =0, (the compressive force being 
zero). Of the forces at the abutment, only V=gqRsin @ remains, and as 
R sin @ (for 2=0, and R=o) is %1 = \% the whole span, V = ¥4q/, which 
is the correct value for any straight beam. Arch action ceases entirely, and our 
formula leads up naturally to, and makes way for the ordinary ones apply- 
ing to straight beams, for which the deflections corresponding to any given 
load, or the load required to produce any given deflection may be found. 

Had we attempted to apply the ordinary ‘‘ hoop pressure ” formula directly, 
without reference to equations 33 and 34, the resulting arch thrust at the abut- 
ment would have been H =qRcos@=qR cos0 =qR=qn=—~o, a very dif- 
ferent value from H=0. From this we see that the ordinary arch pressure 
formula may lead to misleading results, when applied without correction for 
the elastic nature of the material. 

This remark is perhaps not without its significance as applied to the con- 
clusions to which the formula led, relative to a dam of curved form, for the 
‘* Quaker Bridge Dam.’’ 
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The influence which the modifying elements H, and M pro- 
duce upon the internal strains in the arch, is easily determined , 
by considering the moments which they will cause at any section. 
H, will cause a moment which will be proportionate to its arm; 
in other words, to the offset of the middle point of any section 
from the chord BN (Figs. 14 and 15). 





The moment M will be unchanged for all sections of the ‘arch, 
and as these two moments are opposed to one another, it is easy 
to see that their combined influence will be represented graph- 
ically by the ordinate to the central line of the arch, measured 


from the line B\N;, if BB; be made equal to M and H, be the 
unit used in plotting. M 

The greatest absolute value will be at the abutment B, where H, 
will produce no moment. The strains throughout the arch will no 
longer be equal at all points of any section, but will be generally 
greater along the inner line, and less at the outer line of the 


arch than the value ee The resultant will at no section be 


strictly normal to the vousoir line, nor will the line of strain 
conform to the central line of the arch, as would be the case 
were the above value correct. The amount by whick the strains 
will be modified, of course depends upon the load and the di- 
mensions of the arch. By inserting H, and M, in equations 1, 
2, 3, 7, 8, 9 and 1*, 2*, 3*, 7*, 8* and 9* and regarding also the 
values to be obtained from equations 32, 13*, 14* and 15*, the 
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change of form which the arch will undergo at any point may 
be determined;—or equations 33 and 34 may be used in combina- 
tion with these, to determine for any arch the load gq, which 
would be required to produce a given crown deflection (say one 
inch). This calculation has been fully carried out for the top 
section of the Bear Valley Dam, (for R = 337 ft.; ¢ == 21°15’; 
¢— 8.72 ft. and E =—14 million pounds per square inch). The 
values for (y,—y), (v—4,), o, € and are as follows, for 
ten values of ? corresponding to ten equally distant points on 
the arch betwen the crown and the abutment, (the units being 
inches and seconds of are and the calculation made for a 
- crown deflection of one inch). 
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Note.—In this table the values in lines 2 and 3 are modified so as to represent 
the real conditions; that is, a fixed abutment and a movable crown, 


These results are graphically exhibited on sheet 3. The 
method of representation is the following. The circular are 
which corresponds to the central line of the arch before deflec- 
tion, is supposed to be unrolled upon the tangent to the curve 
at the crown, shown upon the diagram as the line AB,, thereby 
the relative position of all points referred to the tangent to the 
curve at any point, is preserved unaltered. If then only special 
points of the resulting figure are of interest, it is evidently ad- 
missible to shorten up distances between these points to any 
desired extent.* Thus on the sheet (3), the lines 11,, 22,, 33,, 
etc., represent the correct values of (y, — y), and 1,1,,, 2,2, 3,3 


i pep i es 1711? 





*Thus in the diagram, AB, represents the whole length of the center line 
of the half arch (say 125 feet), but with its ten equidistant points contracted 
so as to be three-quarters of an inch apart. The local settlements and 
horizontal movements however are plotted to a scale of 744 inches to 1 inch 
of actual change of position. The result is a much distorted, but correct 
exhibit of the local changes of position at the ten selected points. 
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etc., represent the proper horizontal changes (« — ~,); the points 
1,,, 2.) 3,,, all being shown in their correct relative positions to the 
points 1, 2, 8, etc., which they occupied before the arch was 
subjected to a load. Ifa curve be passed through the points 1,, 
2,, 3, ete., and also a curve be drawn through 1,,, 2,,, 3,, 
etc., then these curves may be used to determine the values 
of (y, — y) and (a —~z,) for any intermediate point between any 
of the points plotted from calculation. Thus, if we desire to 
determine the changes for a point half-way between 3 and 4, we 
locate the point 3 on the line AB, midway between 3 and 4; 
then draw a line 333%,, such that the angle B, 343%, shall be 


D 
F,— By, 
2 3 

A right angle to this line from the point 33,, cuts the second 
curve at 34,,; then are 3333,, and 3}, 33,, the required vertical 
and horizontal displacements of the point which before the de- 
flection was located at 34, and after deflection assumed the. posi- 
tion 33... 

As the values of w are very small angles, the direction of the 
deflected curve at any point, appears in this diagram as being 
parallel to the line AB,, » being too small to influence 
the curve at all perceptibility for the elementary arcs shown 
by the lines marked ‘‘ direction of curve.” We therefore 
show the values of w by another method, namely in the form of 
a curve, the ordinates of which, measured from an assumed line 
A’B’, give the values of » in seconds of are. As all the elements 
of change are small quantities, we have magnified the crown de- 
flection seven and one-half times (so that the line AO is shown on 
the sheet as 74 inches instead of 1 inch), whereby all the linear 
movements are correspondingly enlarged. For comparison with 
the involute curve, which in our earlier calculations was arbitrarily 
assumed as being the curve which the detlected beam would as- 
sume, we have plotted the radial offsets of this curve which are 
given on page 82, employing a corresponingly enlarged scale. As 
these offsets (LK values) are radial to the original curve, they 
appear in our diagram as normal to the line AB, (the line of 
tangents). If we refer to our Fig. 2 (page 81), we see that as the 
line LL is normal to the involute curve, and OL normal to the 
circle, the angle OLI gives the angle between the tangents to 


By, = 
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the two curves, or the change in direction between them at the 
point L, which change is entirely analogous to the value w 
used in connection with the curved beam. The value of OLI is 
given by the formula 


tate Ol paanpennes pene (oN tangy tang (2v)] cosy. 
AO 
in which formula 


BB, 


cH =r=__ 
2 tang V — 2V 





from which, for the points treated in our calculation, the values 
of OLI expressed in seconds of arc (the term cosv, however, * 
being neglected) are as shown in the full line curve, on sheet 3. 
A comparison of the ordinates of this curve with the correspond- 
ing curve for the beam calculation—shown on the diagram as a 
broken line, and plotted with the values of w from the preceding 
table—shows the difference in angular values between the beam 
curve and that of the involute at any and all points. 

“What has been said concerning the direction of small ares of 
the beam curve, also applies to small arcs of the involute. The 
points K,, K,, K,, etc., of the involute are shown on sheet 3 in 
their correct position relatively to points 1,,, 2,,, 3,,, but they do 
not correspond to these, the one set being radial offsets, and the 
other set, deflections parallel and normal to the tangent to the 
arch at the crown. The true distance between the curves is that 
shown on the diagram, between the horizontal lines drawn 
through the correspondingly indexed points 1,, and K,, 2,, and 
K,, etc.—of course bearing the enlargement of the scale in mind. 

In.order to show more apparently how nearly the deflected 
beam corresponding to the top layer of the Bear Valley Dam 
agrees with the involute, we have repeated the curves 1,,, 2,,, . . 

er enn 20s eds ole Oey K,, on the same sheet,-— 
showing them as the two curves A” B,—but in this case plotted 
to natural scale, the line AA” being one inch by measurement. 
An inspection of the diagrams establishes the fact, that though 
the assumption that the arched layers of the dam become 
involute curves after deflection is not a correct one, still the 
involute in its general form and characteristics very closely 
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corresponds to the shape of the beam—at any rate the corres- 
pondence is a very close one, so far as the top layer of the dam 
is concerned. 

For the different sections of the dam below the top layer, the 
calculation of the uniform load q, required in each case to produce 
a crown deflection of one inch, was made. This calculation was 
considerably simplified, by assuming that from the top down as 
far as the 5th section (inclusive), the span .remained the same; 
that for sections 6 and 7, the length of the arch was seven- 
tenths, and for sections 8, 9 and 10 only one-half as long as on 
the top of the dam. By testing this assumption with the actuai 
plans of the dam, it will be found to agree pretty closely with 
the facts, and that generally where an error was made, it as- 
sumes shorter lengths than actually exist at the corresponding 
heights of the dam. After obtaining these values of g, a com- 
parison was made with the involute spring forces—the latter 
being reduced, however, to one half the values given in Table 1, 
column 10, assuming a modulus of 1,500,000 Ibs., to correspond 
with the modulus used for the beam, The following table gives 
the results. 























g =the uniform Value of q to pro- 
ee Ee load in lbs. per duce same crown | Ratio, beam 
sap Fas, Ba (the halt sq. ft. required tu deflection, using |loadq divided 
e ] Boe icas bade deflect the. beam involute formula | by involute 
ant. linch at crown. (with E = 1,500,000 load q. 
lbs. per sq. inch). 
0 oS 0077 320.59 294.8 1.09 
1 21° 15’ 00’ 363.95 332.8 1.09 
2 eto mO0CZ 406.49 370.9 Leto 
3 DAN Tye (O64 452.43 468.9 1eL0) 
4 212157007 496.87 446.2 UE Sala 
5 Para b 00" 7 543.41 484 .2 1,12 
6 14° 52” 3077 701.97 522.2 1.34 
7 14° 52” 307 779.52 5€0.3 1.39 
8 O7E 377 3077 1607.98 597.5 2.70 
9 10° 387% 3077 1845.88 635.6 2.90 
10 LOR Sier30 2037.09 673.6 3.03 
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An inspection of this table shows at once an interesting fact; 
namely , that while in every case the beam requires greater loads 
to deflect it one inch, than would be required were the involute 
theory a correct one,—still for each value of the half central 
angle a, the ratio remains practically constant, changing but 
slightly for such slow change in Cues of wall as occurs in 
the Bear Valley Dam. 

The involute theory assumed the resistance to be dependent 
upon the radius, but independent of the angle included by the 
span. Our formula leads to the much more rational conclusion, 
that between beams of the same radius and thickness but of 
different lengths, shorter beams are much stiffer under the same 
load than longer beams are. The failure to express this fact is 
one of the weaknesses of the involute formula; a second, though 
less important one is, that it recognizes the influence of the 


. : i" i 
thickness only in the first power, instead of as 1 or ae ; 


1 
thereby omitting a factor 19" the influence of which mainly 


causes the slight change in the ratios already noticed. 

The deficiency in the involute formula is a very obvious one, 
which, however, naturally follows any attempt to explain arch re- 
sistance to deflection as the result of internal arch compression 
solely. Without intending to draw distinctions closely between 
arch resistance (‘‘ hoop compression ’’) and beam resistance, or 
to separate the total resistance of the beam into its elements, 
it may be observed from an inspection of sheet 3, that of the 
two cuves. the beam curve is a shorter curve than the involute, 
as all of its points lie nearer to the center; whence the 
real shortening of the arch under the action of its load, must 
be rather more than that resulting from the involute as- 
sumption, the involute formula apparently not allowing fully 
for the compression or ‘arch resistance; hence beam resist- 
ance separately considered should be something less than 
the difference between 1 and the ratio shown in our table. 
Nevertheless, it is apparent that for beams of small central 
angle,—as in the case of the lower sections of the dam,—the re-: 
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sistance is preponderately of a beam and not of an arch nature. 
In as much as this is true, the conclusion which we have generally 
assented to, regarding the secondary nature, and subordinacy 
of arch resistance to the deflections produced in the vertical 
fibres of the dam, needs some modification. As far as beam 
strains (as contra-distinguished from arch resistances) enter into 
the calculation, these are not dependent on the vertical flexures, 
but like them act ‘ ab initio.” 


From this it seems probable that for dams of relatively small 
span as compared to their curvature (especially if of considerable 
height also) the arch layers may really transfer a considerable 
portion of their load to the abutments. This has been frequently 
asserted; however, more as an expression of ‘‘ engineering in- 
stinct,’’we believe, than as a fact supported by calculation. This 
is only one of the numerous anomalous conclusions to which 
the investigation of this subject constantly leads, and which 
probably have done much to foster lack of unanimity of 
opinion. It appears characteristic of the subject that what 
is true in one case does not hold true in all cases. Gen- 
eral conclusions are difficult to arrive at, the subject being one 
which warrants special study for each set of conditions. 

The new values of gq correspond entirely to the former 
‘« spring forces’’ which were used to determine the distribution 
of load between the vertical beam and the horizontal arch. The 
former calculation might be repeated, and the new values used in 
place of the former ones, but it is deemed needless to do so. The 
deflections which would be obtained for the vertical member, 
would be but slightly less than those which the involute values 
would give (supposing the same modulus be used for the hori- 
zontal layers that is used for the vertical beam), the deflections 
being changed only to the extent to which the ratios in the last 
column of our table would alter the resisting moments. These 
moments, for the upper half of the dam, would be increased, 
about ten per cent; near the bottom they would be increased 
(say) three times. However, the lower springs affect the total 
moments but very slightly, and whether they be thrice increased 
or not, can affect the result but little, any effect produced by 
them having been much more than allowed for by the use of 


eo 
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springs of double value in our previous calculation; the assump- 
tion of a double stiffness in the horizontal layers, being one 
which will hardly be seriously regarded as waranted by the facts, 
and which was made solely for the purpose of showing more 
clearly, how little additional support appears to be furnished by 
the arched form of the dam, provided the calculation be based 
upon the assumptions heretofore made. 


The calculations originally contemplated by the writers and 
which it was proposed to carry out, were*much more extensive 
than the ones embodied in this paper; the opinion at the time 
being that a solution might be effected on the following line of 
thought. The actual dam is composed of a succession of vertical 
elements or beams of varying hight, and of arched layers of dif- 
fering length and included central angle. As regards the former, 
it is a very simple matter, having once determined the deflections 
for the unsupported elastic beam of greatest height, to deter- 
mine from it the form of any similar beam of lesser height, or 
more correctly expressed, the form of a portion of the same beam, 
if shortened by the removal of a portion atits base. The gener- 
al form of any curved layer would of course be determined less 
materially by the load at any particular point, than by the com- 
bined action of the load on the arch at all its points; its form in 
any case being a regular curve, more or less resembling that of 
the beam for a uniform law of loading. Now, any two curves, 
which generally closely agree with one another, but which leave 
a common tangent at the same point, will diverge from one 
another very nearly in direct proportion to the lengths of the 
arcs measured from the point of divergence. The vertical 
beams would follow some other law which would be, (apart 
from the checking influence of the curved layers), determined 
solely by the form of the cross-section of the cufion, and 
upon meeting with resistance from the arch springs would 
assume modified elastic forms; the adjusted mutual resistance 
exerted by the one system upon the other af any point, 
being the result of the sum of all the mutual interchanges of 
support exerted at all points, throughout the whole com- 
bined system. The curved layers would receive varying stress 
at different points of their arcs, or the law of their loading would 


128 Strains in Curved Dams. 


become unequal instead of uniform. They would assume new 
forms, probably determinable by calculation, the idea being 
that a method of “cut and trial’’ must eventually lead to a set 
of deflections which would be harmonious among themselves at 
all corresponding points of the two systems; the resistance 
requisite to produce harmony of deflection being a gauge of the 
stresses at all points of the dam. 

This calculation would be purely analogous to the calculation 
which was made for the involute and the vertical beam, but of 
course much more extended and proportionately more compli- 
cated. The formule which would apply to such a case of ir- 
regular radial loads were actually deduced, when it became 
apparent that the first effect of unequal loading would be, that 
the rate of shortening of the arc would no longer be uniform 
throughout the length of any curved layer, but would be locally 
proportional to the load at the different portions of its length. 

Now, for the Bear Valiey Dam, the height of the dam proper 
(namely the portion above the base or pedestal) remains constant 
for fully half the length of the span, and as the offsets from the 
original curve to the deflected curve must decrease as we ap- 
proach to the abutments, it follows that—at least between the 
crown and the ‘‘ quarter points ’’—the rate of loading must in- 
crease, beyond which points it would follow some other law up 
to the abutments, where the arch must bear the whole water 
load; for here, although motion in the vertical fibers is conceiv- 
able, motion of the horizontal layers is not consistent with rigid 
fixture to the cafion sides. This idea of an irregular law of 
loading is graphically shown in Fig. 15 (left hand side). 

The outcome of these conditions must necessarily be that for 
any given total shortening, the rate of compression must con- 
- centrate itself towards the quarter points and be less at the 
central section of the dam than for uniform loads. Hence, un- 
der the conception of resistances proportionate to the compres- 
sion produced in the arch, there would be Jess resistance to deflec- 
tion atthe central sections than our previous calculations showed. 

Now, what are the facts in the case? The quantity of masonry 
in the dam and so-called foundations is very nearly 2,900 enbic 
yards, and we are told that 1,700 bbls. of cement (say 0.58 bbls. 
per cubic yard) were used in the dam. 


* 
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. Making all allowance for probable differences in the character 
of the work, and taking the Sweet Water Dam experience of 
very nearly 1 bbl. of cement to the yard of masonry (with a rul- 
ing proportion of 1 cement to 3 sand), we infer that probably in 
the Bear Valley Dam the mortar did not vary much in richness 
from that ratio. Now, taking the excellent data relative to 
cement tests contained in Mr. EH. C. Clarke’s paper, read before 
the American Society, April, 1885 (see also Boston Main Drain- 
age Report, Appendix A), we find a value of 217 lbs. per square 
inch, as the tensile strength of mortar of this degree of richness 
twelve months old, taken from a table which was compiled from 
about 25,000 breakings of briquettes. 

Now, it will be generally granted that mortar, under the con- 
ditions in which it is used in actual work, will show a materially 
smaller tensile strength than that given by test briquettes, if for 
no other reason, that the pressure under which mortar sets 
materially affects its strength after it has hardened, partial air 
drying—as distinguished from setting—and unevenness of mix- 
ture being other features more or less unavoidable in actual 
work. Now, taking Mr. Clarke’s average value as a probable 
outside value for the tensile strength of the mortar, and compar- 
ing it with the theoretical tensile strain at the bottom of the 
dam (327.1 lbs. per square inch)—this value having already been 
reduced for the probable influence of arch action, on what we 
believe a very liberal basis—the latter figure is 1.65 times what 
we are warranted in assuming as the ultimate strength of the 
mortar. From this we believe that it is a justifiable inference, 
that were the strains really taken up in the manner which is 
pretty generally supposed,—and in the way treated of in the 
preceding investigations—rupture of the masonry would be an 
unavoidable result. 

A beam in the condition of that shown on sheet 2, with the 
line of strain such is there shown, must inevitably be totally 
ruptured at the base and overturned. However in the case of 
its being a portion of a curved dam, total destruction does not 
by any means follow as a foregone conclusion. On the water 
side, joints might open where the tensile strain was excessive; as 
a result of which, more ]oad would be thrown upon the arch, and 
provided the arch layers were capable by themselves of bearing 
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the additional load, nothing more serious than a slightly opened 
crack would ensue. As regards the capacity of the arch layers 
in the Bear Valley Dam to really sustain the water pressure 
acting on the dam, and to transfer it entirely to the abutments if 
called upon to do so (provided the layers were brought into a 
condition to assume the strains), we give in the following table 
the pressure in tons of 2,240 lbs. per square foot, which the “ arch 
pressure ” formula would give as a duty for the masonry in the 
different layers, together with the ratios which these strains bear 
to the commonly permitted strain of 14tons. The table gives the 
water load at each section, and the uniform load q required to 
produce a crown deflection of 1’, estimated on a basis of 
E = 1,500,000 lbs. per square inch; from which we give in the 
following columns, for each curved layer of the dam, the requi- 
site deflection of the beam, in order for it to support the load 
resting upon it—provided the layer be, equal to the task— 
using the same value for the modulus EK. The last column 
gives the required crown deflection taking EH — 4,500,000 lbs., 
which we believe to be at any rate of sufficiently high value for 
masonry such as is before us. 


























1 2 fa, ee: 5 6 7 8 
| x Crown de- 
| Spripg flection re- 
Arch pres- Ratio of |Water pres-|. (beam) quired by |Crown de- 
Depth | sure; tons arch pres-| surein | Tesistance eam, in or-| flection, 
Section in |per sq. ft.,/sure to per-/lbs. per sq. fora Crown) qer to as- | using a 
feet. |by formula missible | ft. of dam | @eflection |syuine given) modulus 
qR pressure of face. of 1. inch. load. of 4,500,- 
$= 14 tons. : 000 lbs. 
Te ee For E = 1,500,000 lbs. ; 
! per sq. inch. 
1 4.3 9.56 0.68 269 364 0.74 0.25 
2 8.6 17.15 22 538 406 1.33 0.44 
3 129 23.34 1.67 806 452 1.79 0.60 
4 17.2 28,52 2.03 1075 497 2.16 0.72 
5 21.5 32.85 2.34 1344 548 2.48 0.83 
6 25.8 36.54 | 2.61 1612 TOL 2.30 OMe 
7 30.1 39.75 2.84 1881 780 2.41 0.80 
8 34.4 42.59 | 3.04 2150 1608 1.34 0.45 
9 38.7 $5204 ol iy 8492 2419 1846 1.32 0.44 
| 
10 43.0 47.23 | 3.37 2688 2037 1.32 0.44 
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As far as the values in this table go (see column 3), the 
requisite pressures would appear well within the probable capac- 
ity of the masonry to withstand’ them, even though they are 
several times greater than what is usually sanctioned by con- 
servative practice. However, the absolute crushing loads for 
stone are very high, and provided the dam were free to take 
such deflections as’ our last columns show, it might appear as 
though the dam might really be carrying its load as an arch, 
even though heavily taxed in so duing. If, however, instead of 
using the ordinary formula, we draw to our aid formulas 33 and 
34, no very elaborate calculation is required to show quite dif- 
ferent results. We have selected sections 5, 7 and 10, and 
assuming them to act as curved beams one foot high, deflected 
to the extent given in the table(using column 7 or column 8, 
and whether column 7 or 8 be used is immaterial), we give the 
values of the modifying elements M and H,, due to elasticity, 
together with the strains which would result at the abutments 
and the crown, on both faces of the wall. They are as follows: 
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It will be seen that instead of having to deal with purely com- 
pressive strains, serious tensile strains would be caused, not 
only at the abutments but at the crown also, and that the com- 
pressive strains are much greater than those first calculated. 
The three sections which we have considered, will in general 
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fairly represent the conditions for the other seven sections 
(which all agree in length of span with one or the other of the 
three sections given). As the line of pressure for sections 8, 9 and 
10 would be outside the wall at the abutment, these would fail 
directly under the tensile strain on the water side, at the abut- 
ment, (see table); sections 6 and 7 would pro- 
bably by themselves not be able to sustain 
their load, and would certainly fail after fail- 
ure of the sections below them; section 5, 
Fe 9/6. and the sections above it, while probably able 
to support the load properly coming to them, 
would still not be able to withstand that 
brought upon them after failure of the sec- 
tions beneath them. ‘These figures lead to 
the conclusion, that even were the first effect 
of primary failure of the dam (by reason of 
the opening of horizontal cracks near the 
base), to go to the full extent of allowing 
| the base to free itself from its foundations, 

7 77777 and to slide into the form required for it 
to act as a horizontal arch, that it would still not be able to sus- 
tain the water pressure acting upon it, and that total destruc- 
tion would result. 





One other possibility presents itself. Supposing the tensile 
strain at the base of the wall for a certain distance above its 
base, to be greater than the mortar could withstand, and that 
cracks were to open in the joints to a depth indicated by the 
shaded portion of Fig. 16, without the masonry pulling itself 
completely from its foundatians at the toe; that by reason of 
the opening of these joints, greater strains were thrown upon 
the arch, without the supporting action of the vertical fibers 
being destroyed, further than were necessary to afford relief to 
the tensile strain where too great: the case before us then 
would be that of an elastic beam, hinged at its base, and 
supported by springs similar to the case in the original calcula- 
tions. It would be quite possible to determine the form which 
the beam would assume, and the relative proportion of arch 
relief for this case, even were we in the prosecution of the in- 
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‘quiry to be brought to the necessity of assuming for a certain 
part of the wall, that other joints were to open on the down 
stream side, as indicated in the sketch, which is of course 
much exaggerated in Fig. 16. 

It is very questionable whether an adjustment could be ar- 
rived at, which would bring the strains within the limits which 
we could reasonably expect the masonry to withstand; certain it 
is, however, that we should be led to very considerable deflec- 
tions, and to assumptions of the existence of cracks and incipient 
failures which uothing in the present condition of the Bear ~ 
Valley Dam would warrant us in believing fulfilled. Like the 
other attempted explanations, we should be led to reject it as 
inconsistent and incorrect. 


The calculations which have been so far made, pretty well 
cover the treatment of this remarkable dam, both from the 
‘* oravity ’’ and the ‘‘ hoop compression ’”’ standpoints, as well as 
the reasonable combinations which can be imagined as taking 
place between the two modes of operation; yet the results are 
purely negative ones. The conception has been all along that 
the dam was composed of two sets of elements, each of which 
presented a certain capacity for resistance; the aim of the calcu- 
lation being to establish the proper relation existing between 
the two, and to determine the extent to which the one system 
might aid the other. As far as we know, tbis is the only stand- 
point from which the subject has yet been considered. We be- 
lieve, however, that there is quite a different manner in which 
the strains may be taken up by the dam, and which will be 
worth the labor of inquiring into, even though the result be only 
an explanation by analogy and not a strict mathematical deter- 
mination, The outcome may or may not lead to results which 
may be made the basis of calculation in future practice, but 
which will still not be devoid of interest, provided the conclu- 
sions are capable of verification by measurement of the actual de- 
flections produced in the dam. Should these measurements 
correspond with the predicted values to within reasonable 
limits, then an inference may probably be made as to the extent 
to which the remarkable performance of the Bear Valley Dam 
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may warrant the expectation of a corresponding duty, in struc- 
tures built under different conditions. Without some such 
measure, the record of the Bear Valley Dam will remain that of 
an isolated case, contributing but little to a knowledge of a 
subject of evident practical value. 

As the treatment is one which differs from any method yet 
followed, and a proper spirit of conservatism might object to 
novel methods, unless upon sufficient proof that customary 
treatment fails to reconcile fact with theory, we have not been 
deterred from adhering to the extended form in which our pre- 
ceding calculations have been given, even though the result 
fell confessedly short of a solution of the problem. Another ex- 
cuse for considerable detail lay in the fact, that we believed our- 
selves on unexplored ground, and feared to sacrifice clearness by 
too much curtailment. : 

We propose now to cast aside the idea of separate elements 
and to treat the curved structure as a whole body, independent 
of the separate movements of its parts. 

Before doing this, howover, we append in the briefest manner 
the results of some calculations made with reference to the Sweet 
Water Dam, which show in a general way, to what conclusions an 
inquiry similar to the preceding one would lead, if applied to a 
structure more nearly in accord with approved practice as here- 
tofore accepted. Our figures are to some extent approximate, 
but not far from exact. 


FIGURES FOR SWEET WATER DAM. 


Maximum moment (at 80 foot depth).............. 4,428 800 foot-pounds 
Moment taken up by arch resistance at same depth 

(involute:tormila):. .. 2.41 Abe Sake See ee ee 642.900 7 st Ss 
Moment, relieved by arch resistance................  Rateline Wis gue meen 


Percentage of arch relief 12147. 
[For E= 2,000,000 lbs., a top deflection of 0.0952 inch (unsupported) and 
0.6767 inch (corrected for arch resistance). | 
UNSUPPORTED SECTION. 


Uncompensated bending strain ..... ............. 114.75 lbs. per sq. inch 
Distributed weight and vertical water pressure...... 56,62 ee" “f 
Maximum eneie’ Strain. .:..)\.. 2st leek ee oaks es S81 Ssis ae Stas 
MT Oeiiressiboemantss 2 he as <x ts ees 171.37 lbs. per in. (11.02 tons per sq. ft.) 
Hecentricity of ine of pressure,<2. Jas) ve eee wi 2 Ek ees) 13,54 feet 


Distancesontside + of wall. oo... a eee 6.56.00" 
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WITH ARCH RELIEF. 


Uncompensated bending strain, central section—re- 


lieved by arch resistance. ........0.....0. 200 107.1 Ibs. per'sq. inch 
Greatest tensilesstratmia dane ends» dies olla slew se Wiis eo 4 Va iS ks as 
Greatest toe pressure........ 144.8 lbs. per inch (9.31 tons per square foot) 
Hecentricity opine on DreesUPO coy hee. aie eg vac, s e's oo 2,0 2d x nie 11.80 feet 
Wistaned OULsie tant Cr WAU oui. dalemaciy ec cies see sins vae's BZ Gye 


Notr.—By the treatment hereafter following, there would be no tensile strains in 
the Sweet Water Dam. 





_ SECOND METHOD OF TREATMENT. 


Consideration of the Strains in an Elastic Cylindrical Body, Rigidly 
| Fixed at Its Base. 


In treating of the strains in curved dams in the method now 
contemplated, it is expedient not to deal directly with the dam 
as it actually exists—namely a body of varying height, supported 
at its ends by the abutting cafion sides, but to first consider the 
eise of a dam of uniform height, and to disregard entirely the 
effect of resistances furnished by its side walls. Such a dam 
would evidently be a partial hollow cylinder, and may be re- 
garded as a beam, loaded with a water load and rigidly fixed at 
its base. We propose to determine the form of the elastic line 
and to establish the strains which would arise; having done 
which, we will consider what modifications would result by chang- 
ing the shape of its base to conform to the actual condition of 
an irregular bed, and also to see what the influence of side wall 
reactions would be. The radially acting forces which constitute 
its load may evidently be resolved into two components; one set 
normal to the chord, and the other parallel to the same, and 
these, for brevity, we will henceforth style respectively as axial 
and lateral forces. If KR represent the radius to the water face 
at any layer, and a denote the half central angle subtended by 
the chord, then the axial force will be the projection of the load 
upon the chord, and will be 2qh sin a; the lateral force, similarly, 
will be the projection of the load upon the versed sine of the 
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arc, or qR(1 — cosa), q being as heretofore the load per square 
foot upon the dam face, and of course a quantity varying with 
the depth of water for each curved layer of the beam. 

The lateral forces counterbalance one another, and except as 
regards producing internal strains in the beam, (which will be 
considered hereafter), do not affect the general conditions of 
equilibrium, nor the shape of the elastic line, and may be disre- 


aie 
Tian 
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For the present, considering the axial forces only, the dam 
may be regarded in the condition shown in Fig.17. The posi- 
tion of the neutral axis is determined by the center of gravity of 
each curved layer, and the elastic line is again determinable by 
the formula 


Peso 
where all the quantities have the former signification; M, how- 


ever, now representing the moment of all the forces which act 
upon the whole width of span, instead of for a width of one 


foot, hence equal eh multiplied by the span (fh being the depth 


below the water surface), and T now standing for the moment 
of inertia of the whole curved layer, for an axis passing through 
the center of gravity, and parallel to the chord. 

Let Fig. 18 represent any curved layer (or ring sector). 
Then if R and r represent the inner and outer radii respectively, 
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the area of the ring sector will be (R?— r’)a, and the distance 
OC = «= distance of the center of gravity from the center of 
the circle, will be 


2(R3 — r*) sin «a 
3(R? — r’)a 


== 


and the moment of inertia for the axis YY, 





. 4(R? — r°)? sin*a 
T— 1(R* — 7’) (Asin 24 babes 
( )G a4 a) 9(R? — r’)a 





For a modulus EH = 144 x 1,500,000 — 216,000,000 pounds per 
square foot, the deflections of the elastic line are as shown in 





table 2, column 7. The bending strains given in columns 10 
and 11, are obtained from the ordinary formula ~ T —M, by in- 
w 


serting for w the proper values for CN and CD (Fig. 18). Col. 
12 gives the effect of the equally distributed influence of the 
weight of masonry and vertical water pressure on the face of 
the dam, after applying which to columns 10 and 11, the actual 
maxima strains at D and B are obtain, as given in columns 13, 
14 and 15. 
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It may appear that these values for the magnitude of the 
strains are valueless, on account of the resistances of the abut- 
ments or side walls which must always exist in practice; that 
they would not permit the fibres in our vertical heam to con- 
form to the elastic line which we have calculated for the beam, 
and that they will therefore not be able to take up the load in 
the way we assume it to be taken up. This would be wholly 
true if the arch were a rigid body, and it is true to a certain ex- 
tent for an arch of compressible material; but in as much ag it 
is true, the only effect.of the abutment resistances will clearly 
be to reduce the calculated strains by a certain amount, thereby 
assisting the vertical fibres and relieving them of a portion of 
their strains. Under the influence of the water load, distortions 
will be produced in the curved layers of the beam, and this dis- 
tortion will extend to the point (and only to the point) where 
the deflections are such, that the vertical fibres have been suf- 
ficiently stretched to take up the residual load not expended in 
compressing the curved layers. 

The arch layers act entirely as resisting springs, and the stiff- 
ness of these springs for any amount of deflection, is an already 
known quantity. Column 16 gives the resistances for a one 
inch crown deflection.* 

Column 17 gives the values of q, which correspond to the de- 
fiections given in column 7 for the vertical beam, and column 18 
gives the resisting moments which these forces would exert at 
each of the ten sections of the dam. The general manner in 
which these values of q might be used to determine the real ad- 
justment of the load, as distributed between the arch fibres, and 
vertical fibres of the dam, should be sufficiently clear from our 
earlier calculations. However, by inspecting columns 17 and 








*For the five lower sections—6 to 10 inclusive—the values given, are the in- 
volute values, increased by 12 percent. This assumption is a sufficiently cor- 
rect one, as it was shown in the table on page 124 that the ratio of the beam 
resistance to the involute resistances, is practically constant, as long as 4 
remains the same, that is to say, of course, if R and?¢ change but slightly, as 
is here the case. This assumption of the values gq, to q,, was made solely 
to save a rather extended calculation, the result of which could be very 
closely foretold, and is especially warranted where close results are im- 
material to us. : 
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18, and bearing in mind that they are approximate values, and 
about 33% to 50% greater than what they would be after adjust- 
ment, we see that, in the case of the Bear Valley Dam, they 
amount to nothing as compared with the moments exerted by 
the water pressure (see column 6), and that they would modify 
the strains given in columns 12, 13 and 14 only to an insignifi- 
cant extent. In our dam therefore (we do not say in any dam) 
it appears that the strains would be just about the same, whether 
side wall resistances were present or not. The results of this 
calculation are already much more satisfactory than those de- 
duced from any previous treatment, and they will be all the 
more so, when it is considered that the values for the tensile 
strains at D are the maxima values occurring anywhere in the 
dam; that for any other point D,, the bending strain would be 
less in proportion as D,C, is less than DC; that is to say, in 
proportion as its distance from the neutral axis YY decreases. 
The absolute strain at D, will however be decreased to a still 
larger degree than is expressed by the foregoing ratio, as the 
evenly distributed influence of weight of masonry and vertical 
water pressure (see column 12) is the same for any point in the 
section. However, 110.9 pounds per square inch is not so high 
a value that we need be surprised at ordinary good cement 
mortar sustaining it, especially when the maximum value, as has 
been stated, is confined to a very small area. 


We will next consider what change will be produced in the 
strains by an irregular foundation line, as formed by the bed- 
rock profile of the cafion. This case may be referred to the 
preceding one, by imagining a portion of the cylinder encased in 
the side walls of the dam site. 

Let Fig. 19 represent any fixed beam, acted upon by forces 
as shown, and brought under strain by its load. Now suppose 
that along the irregular line ab, the shaded portion of the beam 
were built in with solid masonry; no change would occtr in 
the strains at any point, neither within the shaded portion nor 
without the same. Were the shaded portion encased in its en- 
velope prior to the application of its load, however, then the 
change in the strains would depend entirely upon the compress- 
ibility of the envelop, both as determined by its mass, and 
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by its degree of elasticity. As an extreme case, let the en- 
velop be regarded as absolutely rigid, and the shaded portion 
of the figure now forming a part of it. What is the result? 
Between the free end of the beam and the section AK, none 
of the conditions are altered, hence the strains remain as 
before. for the part of the beam beyond AK, the load rest- 
ing upon it now goes direct to the shaded figure, and produces 
no strain in the horizontal fibres; hence the strain in the most 
remote fibre AN, can at no point increase beyond the maximum 
value at A. The portion of the line between O and N ceases to 
be a neutral axis, as owing to the incompressible nature of the 
part of the figure assumed to be rigid, the fibres can no longer 
adapt themselves to assume strains conformable to this line as 
a neutral fibre—the tendency evidently being to bring about an 






fmm Se ee 






adjustment such that for any section ST, the strains will equal- 
ize themselves as much as possible and all become alike in 
nature; that is, all become tensile strains in this case. For, 
were the fiber strains, as transferred from the plane AK to 
the plane next back of it, to go on unchanged in magnitude 
in each fiber as far as the base NN,, different changes in 
length in differently strained fibers must result, from which 
would follow deflections in the beam which the rigid envelop 
could. not conform to, and which it would prevent. It is 
of course well known that between adjacent and. contiguous 
fibers strains exist, as well as in the fibers themselves; that 
these strains are of a shearing nature, and that their function 
is to prevent slipping of one fiber along its neighbor; as a 
general principle the shearing strain in the direction of the 
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strained fibers, being greatest where the fiber strain or bending 
strain is least. | | 

As a consequence of this general principle of strained bodies, 
a certain zone must extend back of OK to some point K, on the 
confines of the shaded figure, such that an irregular line OK, will 
be a neutral line of strain; on the one side of which (within the 
space OK,K, shown in cross shaded lines) compressive strains 
only, on the other side of which, tensile strains only will be 
found. 

The location of the point K, and the nature of the line 
Ois, would, of course, depend purely upon the special conditions 
of the case. 


Fig 20. For a section ST, let Fig. 20 represent 
its cross-section; AABB being the original 
section, CCBB the portion afterwards con- 
sidered rigidly enveloped, EE the origin- 
al natural fiber of the section and b the 
width AA or BB of the section. Under 
the original conditions, the widths of 
the triangular figure AAO, gave the law 
by which the fiber strains varied from 
zero in the neutral axis to the maximum 
value s in the outermost fiber AA. After 
encasement in the envelop, assuming QO, to be the neutral 
point, the irregular dotted figure AAO, may represent the law 
of change of fiber strain. The areas of AAO and AAO, may be 
said to represent the capacity for uniform strain resistances 
in each case; and if we assume equal external stress to act on the 
section under both conditions, the maximum strain in the fiber 
AA would be less after the introduction of the rigid zone 
CCBB than it was originally, in proportion as the trianguiar 
area is less than that of the irregular figure AAO,. 





In seeking to apply these deductions to the case of a beam 
whose cross-section is composed of curved layers, the terminals 
of which alone join the rigid envelop (or cafion profile) and 
whose intermediate points are unsupported—the forces shown in 
Fig. 19 as working on the layers between A and N,, only go 
partially to the,envelop, but pass mainly from curved layer to 
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curved layer, until finally transferred to the base. The effect 
upon a section ST, however, is that the moment at that section 
is reduced below what it would be, were the beam of constant 
span; first on account of the partial transference to the abut- 
ments which has been noticed, and also on account of the con- 
traction of the surface exposed to the water load;—from both 
of which causes follows a reduction in the maximum strain be- 
low the value which is given for the strain in table 2. 


With this result we must rest content, and the result would 
really be a satisfactory one, were it not that we have assumed 
conditions which it is easy to show cannot be strictly fulfilled. 

The thorough freedom of all fibers to accommodate themselves 
to the strain brought upon them by the load, which exists in a 
free beam, is here interfered with by the fact that the fibers at 
their junction with the presupposedly rigid abutments, are not 
free to slide along their lines of contact. 

The effect of this is again to interpose a resistance to deflec- 
tion, and as such it probably would tend to still further oppose the 
generation of tensile strains near the crown. Nevertheless, this 
effect is produced by resistances which are not contemplated in the 
assumptions underlying the beam theory; from which results an 
uncertainty as to the distribution of the actual strains in the 
section, which should be borne in mind. We have not, how- 
ever, sought to determine the actual strains in the dam, but 
only to determine an outside limit, which the values of the actual 
strains would not exceed, provided that the action of the dam 
in general, accords with the assumed hypothesis. 

We cannot assume, what is assumed for the beam under 
transverse loads, that the particles which lay in the same cross- 
section, or horizontal layer of the dam, remain in plane surfaces 
after the dam is subjected to load, but we can conceive them to 
lie in curved surfaces, which are horizontal crosswise with the 
cafion—so that layers which in Fig. 21 were originally straight, 
as shown by dotted lines, become subsequently curved, as is 
indicated by the full lines. Such a condition is quite compatible 
with the general assumptions made in the case to which we 
have endeavored to refer the actual one before us. © It is quite 
conceivable that in general the transference of the load takes 
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place actually, from layer to layer to the base, though partly 
modified by a portion of thesame passing to the abutments in 
an arch sense, and also that another portion finds its way to 
the abutments through the resistances which the latter offer to 
vertical sliding of the masonry along the abutting faces; whereby 
a reduction of the strains is caused below the values which they 
would assume, were the latter resistances not present. 

As regards the probable uature of the curved surfaces which 
would be formed, it would be useless to speculate upon them as 
a means of deducing the actual value of the maxima strains. 
The actual deflections imparted to the dam, under varying 
heights of water surface are the only means of gaining a 
knowledge of the actual strains, as they are also the only means 
of determining whether our hypothesis as to the manner in 
which action takes place, is a warrantable one. 





The mere fact that our calculations lead to strains which would 
be quite within the capacity of the masonry to withstand, is no 
conclusive proof that action takes place in the manner we 
have assumed it to take place. All that can be said in its favor, 
is that this treatment suggests a probable explanation, consis- 
tent with known principles of mechanics, while no other hy- 
pothesis which has yet been suggested, appears to have done 
as much. 
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Now the point to be determined by measurements is this. If 
we are to explain the action of the dam, as being similar to that 
assumed in our first calculations, then we are to expect deflec- 
tions of considerable magnitude, measurably corresponding at 
the middle of the dam with the values given in Table 1—though 
probably larger than those values, for several reasons which 
should be apparent—and of such a nature that at any point on 
the crest of the dam, the direction of greatest deflection should 
coincide with the radial line drawn to the center of curvature; 
whereas, if the action of the dam corresponds to our second 
hypothesis, then we are to expect deflections whose absolute 
amounts are very small quantities (less than those given in Table 
2), changing less rapidly relatively speaking from the center of 
the dam towards the abutments, and always of such a nature 
that at any point along the crest of the dam, the direction of 
maximum change will be in a line parallel to the axis of the 
canon, that is to say parallel to the radial line at the middle 
point of the dam—while the direction of least deflection will be 
at right angles to the last. 

How such measurements are to be best conducted, is a matter 
worthy of consideration by the society. It appears to the writers 
that the crown deflection might best be measured by transit ob- 
servations from the bank, by which the absolute value of the 
movement there, might be obtained with very considerable ac- 
curacy; that at other points simple level bubbles sct in boxes 
with carefully ground beds, to rest freely on ground bed plates 
which have previously been rigidly attached, in a horizontal po- 
sition, to the masonry of the dam, may be simple, accurate and 
inexpensive means of determining the angular changes arising 
from deflections of the structure. The levels being free to be 
placed in any vertical plane, the direction of maximum dip 
would be easily ascertained. * 

The Bear Valley Dam is to be superseded by another dam, 
which is to be of gravity section, built upon a curve, and located 
some eighty feet lower down the cafion than the present dam. 





*Of course, the correct value of the modulus would have to be determined, 
where absolute values of the deflections are desired. The values in Tables 
1 and 2 are only supposed to be relatively correct for E = 1,500,000. 
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As this structure rises in height, water is to be let in between 
the two structures, in order to relieve the present dam from 
strain, There will evidently arrive a time in which a series of 
measurements could be made upon the dam, under almost any 
desired conditions of loading, without loss of water and with but 
little lapse of time intervening between the measurements. 
Another opportunity to obtain by experiment such insight into 
the real conditions of strain in masonry dams, may possibly 
never occur again, nor is it probable that any structure will be 
built whose testimony would be of greater value, nor likely to 
settle more points of controversy, than this special dam, if con- 
scientiously studied. 


The interest is not local, but of general significance, and we 
suggest it, as a suitable subject for the endeavors of the Society, 
to take the investigation under its auspices as a body, com- 
municating with other societies relative to the best method 
of obtaining the results, and rendering them valuable when ob- 
tained; more especially, however, with a view to collecting data 
by similar observations made on other dams, when favorable 
opportunity for observation is presented. 


Material might possibly be thus collected for accurate deter- 
mination of the strain in curved dams, which as a purely theo- 
retical problem is probably not capable of exact solution. Even 
if no such unequivocal conclusions were reached, if we obtain 
results approximately agreeing with deflections such as our the- 
ory would require, the outcome would still not be other than 
valuable. The internal strains (shearing and normal) at all 
points and in all directions, are determinable quantities for 
the unsupported hollow beam under transverse loads. Where 
only a general conformity with the hypothesis established, a 
substitution of an ideal structure of uniform height, such as was 
used in our calculation, could be made in any particular case, 
with the assurance that the strains in the actual structure would 
not exceed those determinable for the supposititious one, in which 
the auxiliary influence of side support and irregular foundation 
were neglected. A determination of the maxima internal strains 
for this case would probably give a safe, though not a correct, 
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gauge of the extent to which the performance of the Bear Valley 
Dam might be looked to as promising enhanced strains in curved 
dams, under other conditions. 


The general impression of the writers is, that such an inquiry— 
provided we were restricted to a treatment by analogy, as just 
described—would point to a decreasing rate of efficiency of 
the curved over the straight type, with increasing lengths of 
dams; that cross-sections of very narrow widths would not be 
justifiable, provided due regard be paid to the possible values 
of the internal strains, which. might be excessive even though 
the bending strains were not too great;—and that we should be 
led to ascribe the high duty of. the Bear Valley Dam to a favor- 
able combination of conditions, which would not have held good 
had the span been considerably longer than it is. 


While.it would probably be demonstrated that the curved 
type always possesses an advantage over the straight one, the 
curved form offering a certain resistance for quiescent water 
loads, which under sudden shocks or dynamic stress would in- 
crease with the load, still no such enhanced resistance in any 
case exists, as would be ascribed to the horizontal arch, if 
estimated by the formula s=qR-—~#. In fact, were that for- 
mula a correct index of the strength of the areh (which we 
believe we have shown is not the case), then the superiority 
of the curved type over the straight, would need no further 
demonstration, For, were only compressive strains generated 
in the arch, as that formula would imply, then it is hardly 
possible to fix a strain so great, that in practice we need 
count upon destruction of any dam of reasonable radius; 
for, while it may be expedient. in construction to limit the 
compressive strains to fourteen tons per square foot, still 
we know that often 600, and even 1000 tons fail to crush 
stone, when the conditions are favorable ones. The dam 
would probaby never fail through direct crushing of any part 
of the masonry, its destruction being brought about, under 
much lighter loads, by reason of cracks opening inside the 
structure, where the shearing strains became excessive, or where 
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the tensile bending strain exceeded the resistance of the 
masonry.* 


Upon the other hand, provided the relief brought about 
through the curved plan, should prove to be a result of arch re- 
sistance only, (either compressive or beam resistance) as was first 
assumed, or should this part of the relief alone be capable of de- 
termination, and therefore alone be recognized as a measure of 
the extra security to be obtained by the use of curvature, then it 
would appear that the amount of relief to be anticipated from 
this source is largely dependent upon the choice of the radius of 
curvature. 


Recalling our first calculations, the involute assumption, 
which probably fairly represents the influence of arch compres- 
sion alone considered, would point to the selection of small 
radii, as a means of increasing the element of arch resistance; the 
subsequent investigation lead, however, (see table, page 124), to 
the conclusion that the true curve resistance to deflection 
materially increases with decreasing central angles; so that for 
- constant radii and uniform dimensions of cross-section, the ratio 
of the curve resistance to arch compression resistance, is prac- 
tically constant for any fixed value of the central angle. From 
this it would appear, that a proper selection of the radius and the 





“As regards the shearing strains in the ideal beam with unsupported sides 
(Fig. 17), the greatest shearing strain acting in the direction of the neutral 
axis, at the base of the beam, would be about 837 lbs. per sq. inch; compare 
Ritter, page 81, e¢ sequel. The value designated as © is 17.25 ft.; V—14, 445, - 
000 lbs.; and as the width of the section, measured parallel to the chord is 
41.7 ft. on each side of the dam, the shearing strain p is 


14,445, 000 


(im 83.490 17.05 X 1 = 836.74 lbs. per sq. inch. 





Prof. Heinzerling in his ‘‘ Angreifende und Widerstehende Kraefte ’’ gives 
8 to 16 kilos. per square centimeter (i. e., 114 to 228 lbs. per square inch) as a 
mean value of p for mortar, assuming tenfold safety. While the resistances 
due to side support of the canon, etc., probably tend to prevent the shearing 
strains becoming as great as the above calculation would make them, still it is 
probable that very considerable shearing strains exist in the dam, leaving no 
cousiderable margin of safety, even though the strains be taken up accord- 
ing to the hypothesis we have suggested. 
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central angle, will lead to a maximum curve resistance, both 
considered as an absolute quantity, and economically considered 
with reference to the (slight) difference in amount of masonry 
involved in a choice between different curved projects. 


As regards the extra amount of masonry required by the use 

of a curved plan, it is generally a very small quantity; much less 
- than has been frequently assumed. Upon this point we speak 
advisedly, and after having had occasion to test the statement 
in connection with a number of dam sites. The difference is not 
usually 10 or 15 per cent., as has been suggested; 5 per 
cent. in almost any practical case allowing for very liberal cur- 
vature,—probably quite up to what would appear desirable in 
practice, with due regard to securing suitable abutting angles 
between the arch and the cafion walls. 


‘For the Bear Valley Dam, the quantity of masonry in the 
present dam (not including the lower base), as nearly as can be 
estimated from the plans, is about 2019 cubic yards. Had the 
dam been straight, the quantity would have been 1986 cubic 
yards. <A straight dam of equal height, constructed upon 
recognized principles, (excluding tensile strains in the dam), 
would have required about 4860 cubic yards. The use of cur- 
vature in the actual dam only increased the amount of masonry 
about 12 per cent., and the dam as constructed only consumed 
414 per cent. of the masonry, which an orthodox ‘‘ gravity ”’ 
project would have required. 

The most pronounced opponent to the use of curvature, would 
hardly assert that a straight dam of the same cross-section as the 
Bear Valley Dam, would have successfully resisted the load 
which a full reservoir would have subjected it to; and whatever 
the opinion as to the boldnesss of the design, its performance 
must be recognized, and its efficiency conceded as a result of the 
use of curvature, under conditions which entailed but slight 
additional cost. 

The question of the curved versus straight type, has been 
considered upon rather narrow grounds, and personal bias has 
cut too large a figure in the matter. Arguments have been ad- 
vanced on both sides which were not worth consideration. 

As regards the simple nature and the thorough harmonious- 
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ness of the strains in straight dams, which has often been dwelt 
upon, it requires little consideration to see that in practice this 
simplicity does not exist. The claim of simplicity would really 
be correct, were the straight dam of uniform height and: unre- 
sisted by fixture to the cafion sides. There can be no doubt, 
however, that a tendency to shear off the dam from its side-sup- 
ports, always exists. in the case of the straight dam (probably 
more so, than when the dam is curved) and_it is only due to the 
very liberal dimensions used in practice, and the consequently 
small deflections, that the induced strains are not serious in 
nature. This suggests another advantage of the curved type; 
namely, that it is in a better condition to yield easily to the in- 
ternal strains due to temperature changes than is the straight 
dam, which not being in a position to ‘‘ buckle ” must transfer 
all such strains directly to the abutments, so that working 
strains alternately tend to thrust the abutments outwards, or to 
tear the masonry loose from its side supports. Without wishing 
to attach undue importance to a matter which probably does 
not deserve very serious consideration, it must be admitted that 
technically considered, this is not a desirable feature of the 
straight type. 

Apprehension has been expressed, that curvature introduced 
unknown elements into the problem, which have apparently 
been considered as entirely erratic in their action. This hardly 
needs a mathematical disproof. It appears almost a common 
sense proposition, that if a structure is precluded by its manner 
of construction from affording considerable arch relief, then the 
strains growing out of such action can be of no considerable 
magnitude. Ifa mathematical expression of this fact is desired, 
then formulas 33 and 34 may be offered in support of the 
proposition. 

It would not be difficult to point out supplementary actions 
which probably take place in the curved structure, and which go 
to relieve the central section of a portion of its strains. These 
were omitted, as their joint effect would not have been sufficient 
to so materially affect the showing, as to reduce the strain to 
within limits which might explain the high resistance of the 
dam, and were omitted in order not to needlessly lengthen a 
paper already longer than was originally contemplated. 
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Without wishing to pass criticism upon a structure, whose 
phenomenal duty must be its best endorsement, it may be re- 
marked that an addition of less than 10 per cent. to the quantity 
employed (namely, by modifying the section slightly, and se- 
lecting a radius more favorable to arch resistance), would have 
led to very different values for the theoretical strains, practi- 
cally reducing them to within limits which need have caused no 
surprise at their having been withstood. 

Had the Bear Valley Dam, however, been constructed in con- 
formity with these changes, it would have been robbed of the 
interest which it possesses, as one of the most phenomenal 
structures ever designed and carried to a successful issue; one 
whose instructive lesson may first be completely understood, 
only after it has ceased to exist as a useful structure. 
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WHAT CONSTITUTES A MAP. 


By Wm. G. Raymonp, Mem. Tech. Soc. P. C. 


[ Read January 3, 1890. ] 


Maps are made for various purposes, some to show the out- 
lines and main physical features of a continent or country; some 
to show the conformation of the surface of a continent or coun- 
try; some to show the outlines of smaller districts or the con- 
formation of their surfaces. Some are made to give information 
necessary to the correct planning of great works, such as rail- 
ways, bridges, canals, mines, drainage and water supply systems, 
&c., and some are made for the purpose of serving as a basis for 
the description of lands to be conveyed from one party to 
another. What should appear on a map depends eutirely on 
the object for which it is to be used, and at this time I propose 
to confine my attention to maps made to describe real property. 
Such maps are of cities, towns, or ‘‘ additions” thereto, or of 
farms, or as we call them in California, ‘‘ranches,” or other 
tracts of marketable land. It may seem at first thought that 
there is little to be said on such a subject, but when the fact, with 
which most of you are acquainted, that millions of dollars worth 
of property in this State depends for its correct location on 
some advertiser’s printed circular, is fully realized, the possibility 
that all has not been said that might have been said suggests 
itself, and the question, ‘‘ What constitutes a map?’ becomes a 
pertinent one. 
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In our county records anything that is made up of lines and 
figures, either drawn by hand, photolithographed or simply prin- 
ted with “rule” and type, and labeled ‘“ this is a map,” is consid- 
ered a sufficient basis for the correct description and location 
of the property it purports to represent. 

Our records are full of auctioneers’ circulars, manufactured in 
‘a printing office from information coming from nobody knows 
where, filed at the request of the auctioneer’s clerk, with no 
name of owner or other interested party attached except as the 
name of the auctioneer appears in the accompanying advertise- 
ment. 

Further than this, these maps are frequently, purposely dis- 
torted to create a favorable impression of the property to be 
sold. Wide streets are shown where only narrow ones exist, 
streets opened for the full width where they have been opened 
for but half their width, rectangular subdivisions that really 
may not be even parallelograms, &c., &c. Such maps as these 
frequently form:the only basis for the description and location 
of the property they are supposed to represent. 

This circular business is bad, very bad for those who buy; but 
is the information given by these circulars of much worse char- 
acter than that furnished by many of the maps made by survey- 
ors and filed at the request of the owners? 

On these plats, if of ‘‘ additions,” we find lines indicating 
the boundaries of blocks and lots, all of which blocks and lots 
are numbered; the names of the streets appear in neat letters, 
a few dimensions, possibly all linear dimensions, will be given; 
the streets or blocks may be tinted with soft and delicate tints 
and the whole set off with an elegant border and title. As an 
exhibition of the draftsman’s skill these maps are valuable. As 
a source of information as to the location of the lines they pur- 
port to show they are worth about as much as the auctioneer’s 
circular. Perhaps they have a few more figures, and the pre- 
sumption may be a little stronger that the figures are correct. 

Examine one of the maps closely. You will find no evidence 
that a monument has been set in the field, not an angle recorded, 
though the lines may cross at all sorts of angles, and dimen- 
sions given that do not agree among themselves—so that it is 
impossible to ‘* calculate’’ the angles. 
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You will find no name signed except, possibly, that of the 
surveyor, who thus advertises either his stupidity or something 
worse. Let us be kindly, and call it stupidity. 

Frequently no monuments are set except small stakes at the 
corners of the blocks, but the fact that even such stakes have 
been set is not recorded on the plat. 

One who is acquainted with the practice of surveyors in a 
given district, knows at what points to look for such stakes, and if 
they have been set and not pulled out to make room for a fence- 
post or building he may succeed in finding them. Some surveyors 
have a practice of setting stakes a certain distance away from 
the point the stake is supposed to mark, but no mention of this 
fact appears on the map. In fact the map is so drawn that no 
one but a surveyor who made it can write a correct description 
of any one of the parcels of land shown, nor correctly locate it 
on the ground, Furthermore, the surveyor himself finds it im- 
possible, after the lapse of afew years and the destruction of 
his ‘‘ private marks,’’ to re-run any one of the lines exactly, as 
originally laid out. 

Tt is easy to see to what this leads; impossible descriptions of 
property giving opportunity for differences in judgment as to 
interpretation of what was intended; disputes as to position of 
party lines; costly litigation and expensive movement of struc- 
tures begun or completed, and the actual shifting of lines back 
and forth by different surveyors or even the same surveyor, 
honestly trying to locate the lines properly. 


The writer has seen enough of trouble of this sort to indicate 
to him that a radical change is needed in the field work and 
mapping of cities, towns, and additions, not to mention farms 
and other tracts of land that it may be necessary to lay out and 
describe. 


So long as fallible man is responsible for the accuracy of sur- 
veys, maps and descriptions of properties, so long will there be 
errors; but that it is possible to greatly reduce their number by 
proper regulation, the writer is fully persuaded. What we 
have been describing are not maps at all, or at most they are 
very imperfect maps, and ‘‘ What constitutes a map?” thus seems 
to be a perfectly proper question. 
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_A map of a city, town,wr addition, or other tract of land, 
serving as the basis for the description of property, should fur- 
nish all the information necessary to the proper description and 
location of the various parcels shown, and also of the whole 
piece. It should also show the exact relation of the whole 
tract to the lands immediately adjoining; particularly should 
this be done when an offset or angle is made in the line of any 
street. To accomplish these things the map should give the 
following facts : 
1. The lengths of all lines shown. : 
2. The exact angle between all intersecting lux es. 
3. The exact position and character of all 1 
4. The numbers of blocks and lots. | Faby “> 
5. The names of all streets, streams or b dies olvwatéry or AN 
hs: ae ee ae 
6 
7 







onized landmarks. 
The scale. 


re 


The direction of the meridian. AY 

8. The angles of intersection of the lines 6 Qroinilg 
property, with the boundaries of the tract mapped. “Qo yr, 

9. The exact amount of offset—either nothing or Sone 
definite quantity—made in lines that are carried from the out- 
side through the tract mapped. 

10. A simple, complete and explicit title. 

Thus much to make the map valuable for description and 
location of the property it shows. 

Of course monuments will not be shown if none have been 
set, and very frequently none are set, either from carelessness on 
the part of the surveyor or an unwillingness on the part of the 
owner to pay their cost. Monuments of a permanent character 
should be set at each corner of a tract surveyed, and at least two, 
visible the one from the other, on the line of each street. If 
these monuments are not placed on the center lines of the 
streets they should be placed on lines a uniform distance from 
the center; so far East or West on North and South streets, and 
so far North or South on East and West streets. The stakes or 
monuments set at the corners of the blocks in additions or 
town sites should never be the only stakes or monuments set in 
the tract. 
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That the map may be reliable there should appear on it the 
following : ° 

1. The certificate of the surveyor that he has carefully sur- 
veyed the land, that the map is a correct representation of the 
tract, and that he has set monuments (to be described) at the 
points indicated on the map. 

2. The acknowledged signature of all persons possessing 
title to any of the land shown in the tract, and if possible those 
of adjoining owners. 

3. If of an addition, the acknowledged dedication to public 
use forever of all areas shown as streets or roads. 

4. If a street of full width, whose center line is a boundary 
of the tract is shown, the acknowledged signature of the 
owner of the adjoining property, unless his half of the street 
has been previously dedicated. | 


As I have already stated, a map may be filed at the request of 
any person, and without signature. 

This practice frequently leads to trouble. The writer knows 
of cases in which owners of large tracts of land have had those 
tracts subdivided and have taken land of adjoining non- 
resident owners for street purposes without the consent or 
knowledge of those owners. When at a later day the owners of 
the land so taken have objected and attempted to close half of 
the street, trouble of a serious character has arisen. The same 
thing has occurred where streets have been run through narrow 
gores of land and have subsequently been completely closed, 
leaving houses built on the mapped property without outlet. 
Time and again have cases of this sort come to the knowledge 
of the writer. . 

It is an easy thing to criticise but quite another thing to point 
out a remedy, but there is a saying that one should not offer criti- 
cism unless he is able to better the thing criticised. 

Therefore, having pointed out certain evils it remains to sug- 
gest the remedy. It lies in the enactment of a law governing 
these matters. There should appear on the statutes of the 
' State a law defining explicitly what shall appear on every map 
filed for reference, and making it a misdemeanor to file a map 
that does not strictly conform to the definition. Ihave thought 


“Te 
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that it would be eminently proper for this society to take the 
initiative in the matter of securing such a law. <A committee of 
this body might Le appointed which, acting with a committee of 
our law-makers or a committee of the members of the bar or 
simply by securing legal advice in the mat‘er, might frame an 
act, having for its object the reformation of the evils that have 
been pointed out, to be offered for passage at,the next session of 
the legislature. There are other matters, in relation to municipal 
work that need correction, and at some future time I may speak 
of the proper time and method for doing various kinds of city 
surveying, of the arbitrary way in which some surveyors fix and 
change and fix again the recognized lines and grades of public 
streets, of the destruction of monuments, of the necessity for 
the complete resurvey and mapping of many of our towns and 
cities, of the question ‘‘ Why is the information as to public 
lines and monuments obtained by the surveyor, while in the 
employ of the public, any more his private property than the 
public records in the office of the Clerk, or Auditor, or Recorder 
are the property of the individuals holding those offices during 
the time those records were made?” But one thing at a time. 
This question of the proper making and filing of maps, seems. to 
me one demanding immediate attention while our State is yet 
young. Is it not worthy our careful consideration ? 


DISCUSSION. 


Mr. Molera—(Occupying the Chair)—I was not aware that 
anybody could file a map for record in the public records. 


Mr. Raymond—lI do not know what the law is on thé matter; 
I only know the fact exists. 


Mr. Molera—Mr. Raymond, will you make a motion thata 
committee such as you suggest, be appointed ? 


Mr. Raymond—I move that a committee be appointed to con- 
sider the preparing of an act to regulate the filing of maps. 
The motion was seconded. 


Mr. Vischer—Professor Raymond’s paper calls attention to 
facts which undoubtedly exist. It may be well for the society 
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to emphasize the fact of their existence, but I fear that it will be 
almost impossible to bring about a substantial improvement. 

The difficulty lies not with the surveyors, but with the public, 
I think. I have generally found owners tolerably indiffer- 
ent whether a map or a deed represent property exactly or 
not, as long as immediate inconvenience is not felt; that, unless 
in case of serious discrepancies, they are willing enough not to 
let trifles interfere, but on broad principles, prefer to let the 
next comer straighten matters out, if they require remedying. 

The profession look at this differently, of course, and suffer 
under the disadvantage of being constantly called upon to 
reconcile discrepancies which are in their nature not reconcila- 
ble. But as long as owners are indifferent, I fear the profession 
will have to submit. 

A great deal can be said upon the subject of abuses, but if a 
committee is to be appointed, it appears unnecessary just now 
to forestall their labors by discussion. I would suggest, how- 
ever, that as we are fortunate enough to number among our 
members one or two of the legal profession, who generally take 
a practical view of such questions, that the Chair do not over- 
look them in naming a committee. ; 


Mr. Wagoner—Before a committee of that kind is appointed 
it would be advisable, I think, to see what the law is on the 
subject. 


Mr. Molera—I think, Mr. Wagoner, one of the functions of 
the committee, and probably one of the most important, would 
be to find out what is the law. 


Mr. Wagoner—To find out the law, and to revise it. 


Mr. Molera—And then report to this society the state of 
_ affairs. We can then have a discussion, and all of us suggest 
what remedies may be found, and then instruct the committee 
to present what amendments are necessary to the legislature. 


Mr. Wagoner—There ought to be another matter in connec- 
tion with that, and that is as to a method of establishing a 
finality toa survey. As I understand the law, the corner of any 
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object is the one that the existing County Surveyor makes; he 
may change the corners set by his predecessor. 


Mr. Molera-—Of course the corners by law are the corners of 
the public survey. : 


Mr. Wagoner—lI speak of subdivision surveys. For instance, 
I call upon the County Svrveyor of this city to set me the cor- 
ners of a lot, and another County Surveyor is elected and he re- 
surveys it, and says the former survey is erroneous, and he makes 
it different; there is no redress. 


Mr. Molera—O yes, certainly. The confirmation by the 
Deputy Surveyor or Deputy Engineer is simply prima facie evi- 
dence that it is correct. But of course you have to gotoa 
court of law for any errors that have been made. Of course 
there are certain primary points in a city, which are recorded in 
the City Engineer’s office, which all the other points depend 
upon. For instance, the corners of the blocks are established 
by the first survey, and those now are the established corners. 
Whether there is an error or not in them would make no differ- 
ence in a matter of this kind. 


Mr. Wagoner-—I don’t think you apprehend clearly what I 
said. We will grant the four corners are established; but we 
call upon the surveyor to make a subdivision and set us off a 
certain number of front feet, and he makes an error in that; 
well, I build on it; the next man has a survey made next to 
mine to test it, and he discovers my surveyor is wrong, and he 
can make me move my building or pay damages. That appears 
to be the law now. . 


Mr, Molera—There is the statute of limitations that would 
come in, which would be in your favor; for instance if you had 
been there in peaceable undisputed possession of that land for a 
certain length of time. 


Mr. Wagoner— For five years; but the error may come up in 
less time than that. 


Mr. Molera— Whether the last surveyor or the first surveyor 
made the mistake, the court would give you redress. But the 
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survey of the surveyor is simply prima facie evidence, and if 
there is no other reason the court will presume that is correct 
and right. But the point of finding the case and investigating 
it, if an error is found and the statute of imitations does not in- 
terfere with it, then of course the error is rectified. The City 
Surveyor is supposed to discharge his duties to the best of his 
ability, but sometimes he may be mistaken. 


Mr. Raymond—No surveyor may be said to have-any judicial 
function. 


Mr. Wagoner—I think there ought to be one thing incorpora- 
ted in such an act; that a surveyor should be empowered to take 
testimony about monuments. It is often the case where things 
of that sort come up that it is necessary to take testimony. 


Mr. Molera—I think the question, as far as I understand it, 
is simply to regulate the filing of maps—the qualifications that 
the maps must have to be entitled to be filed as a public record. 
Is that your idea Mr. Raymond ? 


Mr. Raymond—Yes. I include in that the preparing of the 
maps and the filing. Of course the maps cannot be fully pre- 
pared until certain field work is done. 


Mr. Wagoner—I think it was in 1884 I spoke to one of the 
State Senators, a prominent man, about something of the sort, 
and he said it could not be got through, no matter how much 
merit there was in it, because there was no money behind it. 
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MINUTES OF MEETINGS. 


No meeting in October. 


REGULAR MEETING. 


Friday, November Ist, 1889. 
President M. Manson in the Chair. 


Mr. Hubert Vischer delivered the paper prepared by himself 
and Mr. Luther Wagoner, entitled ‘‘ Curved Dams.” Their 
exhaustive treatment of the subject caused a lengthy discussion. 


Adjourned. 
N. 8. Kurta, Sec’y. 


REGULAR MEETING. 
Friday, December 6th, 1889. 
President M. Manson in the Chair. 


Messrs. Behr, Vischer, Richards, Gutzkow and Isaacs were 
made the Nominating Committee to select candidates for the 
offices for the ensuing year. The Secretary was instructed to 
notify the gentlemen forming the Committee of the fact. 


Mr. Raymond then read his paper, entitled: ‘‘A Graphical 
Method of Estimating Earthwork,” which gave rise to an ani- 
mated discussion, in which Messrs. Vischer, Wagoner and 
Manson took active vart, as follows: 


Mr. Vischer—It strikes me that the use of the prismoidal 
formula in connection with the calculations contemplated in 
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Professor Raymond’s paper, is undesirable. As the planes of 
intersection: are located with reference to an assumed datum, and 
spaced arbitrarily at some convenient equal distance apart, and 
are not located with reference to natural changes in the slope of 
the ground, there can be nothing gained in accuracy by using the 
prismoidal formula. As between either of the two sets of alter- 
nate sections, into which the planes may be grouped, neither 
can be selected as possessing greater accuracy than the other 
set; so that it is not logical to assign either four times the 
weight, or twice the weight, to one set that is assigned to the 
other set. The end area method is here a more correct one than 
the prismoidal formula, and as it simplifies the calculation con- 
siderably, I suggest its use. The formula on page 69 would then 
become—whether for an even or uneven number of sections— 


pe f Ay s A, + A,-+ As... ot Au») cubic yards. 

Mr. Raymond—tThe solids computed are not all prismoids, 
and it is so stated in the paper. The end area method is per- 
fectly suitable, and of course gives less work. 


Mr. Vischer—The case which is illustrated by Figure 2 is one 
which often occurs in connection with the improvement of 
grounds, where, as the paper remarks, the only object is to 
smooth off the surface in a fitting manner. For this particular 
purpose I think Professor Raymond’s figure a very instructive 
one, and a much more perspicuous method, both for arriving at 
results rapidly, and representing the differences between differ- 
ent possible schemes of grading, than is the ordinary method of 
representation on separate cross-section sheets. Great accuracy 
is never requisite in work of this kind, especially as the engineer 
generally has no connection with the work after establishing the 
grades and estimating the amount of work to be done. When 
the surface looks about right, the job is apt to be considered 
finished, and an extra fee for engineering service is usually 
avoided. The use of the planimeter may sometimes be a con- 
venience; generally, however, I should feel inclined to select 
some less laborious method of area determination, especially 
where the areas happen to be elongated figures of no consider- 
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able height, such as Figure 2 shows. For such figures the 
planimeter gives results which are usually less accurate than in- 
_ telligent guesses would be. The same planimeter, which for 
figures of considerable size and more or less square dimensions, 
might show an error of,say,one-half of one per cent. or less, would 
not even give a fair approximation, if used on some of the areas 
shown in Figure 2. 


Professor Raymond—I had expected that that point would be 
raised against it. The figure was drawn to represent an extreme 
case, and to show how the other method would not fit very 
well. 


Mr. Vischer—I had no intention of being hypercritical. I 
only wished to suggest the expediency of short methods, where 
approximate results are all that is required. I think your 
method a very useful one, and liable to be especially serviceable 
where contour sheets are already at hand and do not have to be 
specially prepared. It would be useful, too, in working up esti- 
mates for grading from plats, such as are usually. furnished 
from the office of the City Surveyor. The plan is blocked off 
‘into squares and the elevations written in at the corner of each 
square, from which contours can usually be sketched in free 
hand. 


Mr. Raymcnd—Much easier than by adjusting profiles cross- 
ing one another. 


Mr. Molera—This method is used by French military engineers. 
I forget the English name for it, but the French name is plans coleé; 
Spanish, planos acotados. The curves are given and the elevations, 
and itis used for earthworks in fortifications, and soon. Instead 
of giving it in profiles, as is done in railroad work, a plan of the 
place is made, and the contour curves are placed on the plan. 
Where the ground is very abrupt more sections are made to the 
foot, or vice versa when less abrupt. Of course, all the fortifica- 
tions are in regular planes. Then, from the drawings, the exca- 
vations and the filling-in is calculated by the prismoidal formula, 
which is a similar method to Mr. Raymond’s. I suppose it is 
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used by the English and the American engineers, but I don’t 
know what they call it. 


Mr. Vischer—As regards the use of Professor Raymond's 
treatment, as applied to railway work, I. would remark that 
contour maps are usually not much used on the Pacific Coast in 
railroad work; or, if used at all, the contours are generally 
only used to show the nature of the ground roughly, and are not 
close enough to furnish good data for the determination of 
quantities. 


Professor Raymond—I had imagined that to be the case, and 
qualified my belief in the applicability for this special use 
accordingly. 


Mr. Manson—While on the subject of fills, have you com- 
pared the various formulas as to their accuracy in cases of raising 
embankments—where there is no cut, but all fill, as in the case 
of building levees—with varying heighth, width of base and 
crown? Say a levee five miles in length and of various dimen- 
sions every 100 feet; one method is to average all the bases, 
average all the heights and average all the widths. Those 
composite dimensions make an averagesection, which multiplied 
by the length give the volume of earthwork in the levee, 


Mr. Vischer—What was given; the side heights and center 
heights, or the center heights only? 


Mr. Manson—The center heights. 
Mr. Vischer—I think the method is given in Vose. 


Mr. Manson—Given in several works, probably. Has any 
member compared that with formula of end areas, or any other 
method ? 


Mr. Vischer—I saw it applied by a railroad contractor once. 
The road was never built, but I remember that the quantities 
which he figured out did not check well with the correct 
quantities. 


Mr. Wagoner—Replying to Mr. Manson’s question, it may be 
granted that no errors would be made if, for such an embank- 
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ment described, a level average cross-section be assumed. Thus, 
if the top width (base) and side slopes are constant, the volume 
will be a function of the mean square of the depth. When it is 
required to estimate upon several types of embankment, the 
most rapid exact method is to find the mean depth and the mean 
square of the depth; these multiplied by the proper co-efficients 
will give the volume. For dams, and work where considerable 
difference of height occurs, it is most convenient to plat the 
squares of each vertical ordinate on the same sheet and find the 
area by the planimeter. When changes of volume are to be 
considered, arising from a parallel change in grade, it is only 
necessary to consider the surface layer times the change in 
grade, a function of the height. Hence, the change in volume 
would be dV = L(sH-+-B) dH. The above can also be applied 
to the adjustment of a grade line, so as to make the volume of 
the cuts and fills a minimum, as by introducing the proper 
constants the line can be adjusted to make the cost a minimum. 


A Member (to Mr. Raymond)—Your reservation, on page 73, 
then only applies to the usefulness of the method as applied to 
railroad work? When I read the paper hastily I was in doubt. 


Professor Raymond—T'he reservation only applied to this 
special case. 


Mr. Vischer— Where the ground is very broken and irregular, 
I think Mr, Raymond’s method would be as handy as any that I 
know of for railroad or canal work. On such ground, measure- 
ments have to be taken at points close to one another, and the 
data for fair contours is readily at hand. Undoubtedly, it would 
often pay to draw in contours for a piece of broken ground, and 
then to work from the plan, instead of from the cross-section 
notes. I wish to remark that there appears to be a typograph- 
ical error on page 71, line 24: a capital letter Gis used; it 
should be a small g, to correspond with the diagram. 


Professor Raymond—Such an error has been made. I had 
not noticed it before. I did not have the cuts when I read the 
proof. 


Adjourned, | N. 8. Kerra, Sec’y. 
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REGULAR MEETING. 
Friday, January 3d, 1890. 
Vice-President Molera in the Chair. 
The foilowing propositions for membership were made: 


Arthur F. Bell, by N. S. Keith. 

H T. Bestor, as member, by G. W. Percy, E. J. Molera and 
H. C. Behr. 

H.-P. Dimond, as associate, by L. Wagoner, H. Vischer and 
G. W. Percy. 

Burr Bassell, as member, by P. J. Flynn, F. K. Zook and 
Geo. G. Knox. 

Jas. W. Reid, as member, by G. W. Percy, Luther Wagoner 
and H. Vischer. 

Geo. F. Schild, as member, by Otto von Geldern, H. Vischer 
and J. Richards. 


Professor G. W. Raymond then read a paper entitled ‘‘ What 
Constitutes a Map?’’ After discussing the subject for some 
time, Professor Raymond moved that a committee of five be 
appointed to consider the subject of preparing an act for the 
Legislature, regulating the legal fling of maps. Passed. 


The Chair then appointed on that committee Messrs. Hall 
(Chairman), Raymond, Wagoner, Harrison Smith and Harold 
Wheeler. 


The Committee on Nominations submitted a written report 
which was adopted and was ordered printed for distribution. 


Messrs. Behr and Raymond were appointed judges of elec- 
tion to serve at the annual meeting. 


Adjourned. 
N. 8S. KEITH, Sec’y. 
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DR. POHLE’S AIR-LIFT PUMP. 


By Ross E. BRownE anp H. C. Bear, Members Tech. Soc. 


[Read February 14, 1890.] 


During the month of August last, the writers, jointly with Mr. 


P. M. Randall, conducted a series of tests with Dr. J. G. Pohle's 
air-lift pumping apparatus. 


The following sketch will show the simplicity of the pump: 
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A good efficiency being found, and the apparatus having, for 
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many purposes, very apparent advantages over the forms of 
pump in common use, it is thought that a record of the tests 
may be of interest. 


The pump column is an open pipe partly submerged in the 
water to be pumped. A small pipe leading from an air receiver 
to the foot of and a short distance into the pump column, de- 
livers compressed air, which forms in piston-like layers, and 
rising rapidly in the column, does the work of pumping, The 
water is discharged in alternate layers with the air. 
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The apparatus tested, was erected without due regard to 
best dimensions, and we deem it proper to state that the effi- 
ciencies found could have been increreased by a few simple alter- 
ations. Pipes of different diameters were not provided, and we 
were able to change only the length of the pump column, the 
amounts of submersion and lift, and the pressure in the receiver, 
hence the quantity of air supplied. 

The diameter of the pump column was 8 inches, of the air 
pipe 0.9 inch, and of the air discharge nozzle 8 inch. The air 
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pipe had 4 sharp bends and a length of 35 feet + the extent of 
the submersion. 

The water was pumped from a closed pipe well (55 feet deep 
and 10 inches in diameter), and was discharged into a tank and 
delivered—over a quadrantal weir—back to the well. 

A long mercurial column was connected with the receiver for 
the purpose of obtaining accurate measurement of pressure. 


The quantity of air delivered to the pump was obtained by 
two methods, as follows: 


1st Method.—The cubic contents of the receiver was measured. 
The escape cocks from the receiver were closed and the com- 
pressor was started. Beginning with atmospheric pressure, the 
increase of pressure was noted for each 30 strokes of the com- 
pressor-piston, until a pressure was reached beyond that ‘required 
in the pump tests. 

The contents of the receiver was 117 cubic feet. 

The following are the results of two separate tests: 

The compressor made uniformly one stroke per second. The 
atmospheric pressure was 2.51 feet of mercury. The air was 
unusually dry. 

















TABLE [f. 
No. of TEMPERATURES. Pressures in Receiver 
they Vera above Atmospheric. 
, Receiver. Atmosphere. Feet of Mercury. 
Compressor- 
Piston. | Test No.1. | Test No.2. | Test No. 1.| Test No, 2.| Test No. 1. | Test No. 2. 
0 78°F S02: 75° F. hie E 0 0.01 
Jl oh ole be ee eee eee (0.76) ? 0.94 
ECM Eee Te oto, orci 'e\e's' a's ais is)|'< ocnlesiciecs ayaa Nidovme eeiarp ane oe 1.72 1.77 
SU) En OTe a eas | ereiay dente cts. cha: s 6) |-a.0 0,0, ara-acsieis) evel Gta shee miereiae sis 2.48 2.56 
PUM ecient [caidataeccite:s | oo 6 Sata aoue's sone AqggGI0c 3.24 3.31 
HQ) lee Bhai netic: Alb See eee EA Son Tec Bereta dasa 3.95 4.08 
SOMME Rtn. toler riers [ae cicfaldi ties s <i [nes swrelow tue « clllseleeisrdels oc. 4.67 4,81 
2 EE tere micas re Pale eala anys at ciei\'o-0.ei0 soe oe.g3 edhe aatar sists da 6 o¥s 5.34 5.54 
2S MMMM Seller Pe rari Verh aictel s Sete) 9 |iel es e-ole « mssherers tore a elste ned obs 6.00 6.29 
270 86° 88° 75° Wits 6.66 7.00 
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These data formed the basis for calculating the number of 
pounds of air delivered, per piston-stroke of the compressor, to 
the receiver at any required pressure. An average of the 
results of the two tests was adopted. The following table gives 
the values obtained: 

TABLE I. 








Pressure in Receiver above ch ona ae 0-15 10 | 15 | 20 | 25 | 30 | 35 | 40 


bs. per square inch. 





Lbs. of air delivered per stroke of Compressor..|.104|.098) .093 gag! . 081} .079| .077| .076 





2d Method.—A small auxiliary chamber, B, was attached to 
the receiver. See Fig. 3. Compressed air entering this cham- 
ber escaped into the atmosphere through a carefully-measured 
circular orifice in thin plate. After a pump test had been com- 
pleted, the compressor was kept running, cock C was closed, and 
cock A opened and adjusted until the conditions in the pump 
test, regarding number of strokes of compressor per minute and 
the pressure in the receiver, were repeated and maintained. 





Thermometer 
ercurial Column 





Mercurial Column 






Thermometer 






from Compressor-——= 


The pressures and temperatures of the compressed air in 
chamber B and of the atmosphere, furnished the data upon 
which to base a calculation of the quantity of air escaping 
through the circular orifice. This quantity was evidently the 
same as that supplied in the pump test. Such tests were made 
from time to time, and served to check the values taken from 
Table II. A few of these are given below. Diameter of orifice 
was 0.391 inch. Atmospheric pressure 14.7 lbs. per square 
inch. Weisbach’s and Zeuner’s coefficients of efflux were used. 
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TABLE Uff. 
No. of | Pressures above 2 Lbs. of air delivered 
No. of | strokes jatm., lbs. per sq. in. Temperatures F. per second. 
of Com- 
Pump | pressor 
per : ; - Cham- | At 3- i 
Test. | minute. | Receiver.) "M)P°T| ive, | ber B.|-phere.| ‘Tablell. | “test. 
1 60 31.1 20.2 77 77 68 .078 075 
5 60 30.6 20.3 74 73 73 .078 075 
10 60 24.1 Pet 78 15 74 081 077 














The engine used to drive the compressor was built for ten 
times the power actually applied to the compressor, hence a test 
of the efficiency of the entire plant was not made. 


Table IV gives the results of the pump tests. The ‘ efficiency 
of the pump” is based upon the least work (L) theoretically 
required to compress the air and deliver it to the receiver. See 
Fig. 4. 


Atmospheric conditions......... ie pig: ee ean ae Dds by 
Receiver cs Wiese Pack, Holy ey Sree tated: 





The values given in the table take no cognizance of the losses 
of power in the engine and compressor. 


If we assume the efficiency of a suitable compressor to be 70 
per cent., the efficiency of the pump and compressor together 
would be 70 per cent. of that given in the table for the pump 
alone. 
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TABLE IV. 
Tem pera- 
= =) A =I s tures Fahr. 4 a se 4 = 4 : Ha s a = Ss 
ol BelBei joy) ee heel fal | seleeveey [oe 
-}| Sh omen re me - 8 . ™m oO 
oF pis es) Poi eh in eS Rae oe 0 re) =) B 
4H] °F | os | @ of OS a | oe Bea eT ceed aoe : & 
@) io] Be |e] eo} s k g Bie tars. 6 ees : ° 
ra | ed ted) Ee ears res 1) os Salen 2 
: a = Ola alee jas 2 ice week ® @ & a ig 
a eis) lca al I Bs peti ck!) Soe Re ie : 
ares % : rt . ar . . a *" @ ° ears — B 
. Leo o -, D . =] - Ce 2) a So © B = 
° Q hie ° : . =a 2-9 ‘og o oS as Le} 
° aS Re = tac) B Pos es = f oa 
Ba) ein . ® he ERA a ek ie Hl 
copes tet a i ae Rig > ® PEEP RMS be |) 2. Oo) aap iy 
: 5 Es % : et $09 5h © - £6 a 6B 
’ D x o ° 5 ° . ot . . Se 
3 ae varies : : fees A =, a wl ee 2 
5 ° | . . é - @ S fan oof co 
: a Bad : ech es ce at os gm A ees : 
ra an Gi : : 3 a 
Baie seo) a iG ea a eee ee 
1; 60 31.1 | 77 | 68 | 68 | 75.2 | 53.0 | 238 0 | .078 |.1755 | 2408 824 1.4 34 
2; 60 30.8 | 77 | 72 | 68 | 75.4 | 52.8 | 22.9 | .078 |.1799 | 2454 S4670) <s 34 
3) 45 27.6 | 78 | 71 | 68 | 75.3.) 562.9 | 22.9 | -059)).1488' | 1716 700 ss 4] 
4; 31 B54 | UT 72 684 TOL Se | O20 9 N22 nos Ost aROTO eld lob 356 ab 31 
5) 60 30.6 | To°} 72 1.67 | 385.1 +) 53.2 23.1 .078 |.3136 | 2459 687 0.6 28 
6| 46 26.8 | 78 | 74 | 67 | 35.2 | 53.1 | 23.0 | .061 |.8014 | 1770 662 as 37 
7) 30 94.9 | 78 | 76 | 67 | 35.6 | 53.3 | 23 1 | .041 |.2425 | 1150 530 3 46 
8| 22 24.0 | 78 | 72 | 67 | 35.0 | 53.3 | 23.1 | .030 |.1941 802 424 cs 53 
9} 60 23.8 | 78 | 72 | 70 | 54.7 | 33.6 | 14.6 | .081 |.1538 | 2151 525 1.6 24 
10) 34 17.4 | 77 | 72 | 69 | 54.7 | 33.6 | 14.6 | .049 |.0824 | 1056 281 oY POT 
11} 23 16.1 | 76 | 73 | 69 | 54.5 | 33.8 | 14.6 | .033 |.0576 681 196 Sy 29 
12} 60 18.8 | 7 71 | 69 | 69.9 | 18.4 | 10.0 | .084 |.0338 | 1904 147 | - 3.8 8 
13} 33 L129] 765) 759] 69) 69.65) LS aya LOeOR es 0s0 s0067 837 29 op 3 
14} 60 20.6] 80 | 77 | 69 | 62.1 | 26.27) 11 4) 7083 | .0981 | 2041 361 2.4 18 
15) 38 15.2 | 80 | 74 | 70 | 62.4 | 25.9 | 11.2 | .056 |.0663 | 1090 258 ss 24 
16] 19 2273 | 194) 76 | TL | 62.45) Qo 790 Ie e029 a 0185 489 72 ss 15 
17| 60 1859 | 79574) 67 SLIb 2051 8.7 | .084 |.1488 | 1922 292 1.6 15 
18} 34 12.3 | 78 | 72 | 68 | 31.5 |} 20.1 8.7 | .052 |.1126 860 221 ce 26 
TO) 2 10.0 | 76 | 70 | 68 | 31.3 | 20.3 8.8 | .031 | .0633 432 124 He 29 
20} 60 20.3 | 69 | 68 | 67 | 26.3 | 25.3 | 11.0 | .083 |.2296 | 2013 377 1.0 19 
21| 41 15 8 | 70 | 66 7 | 26.3 | 25.3 | 11.0 } 2059) 52050 | 4178 336 ss 29 
92) 22 12 5 | 70 | 67 | 67 | 26.3 | 25.3 | 11.0 | .033 |.1420 558 233 oy 42 
23; 60 2129 12 | 67 69 |-20-63) B78) tere 082 |.2954 | 2050 374 0.7 18 
94) 27 15.1 | 72 | 67 | 69 | 20.3 | 31 3 | 13.6 | .040 |.2398 7169 304 tg 39 
25| 22 14.4 | 72 | 67 | 69 | 20.3 | 31.3 | 13.6 | .032 |.2086 594 264 hy 44 
26) 60 23.1 | 74 | 67 | 69 | 15 3 | 86.3 | 15.7 | .082 |.3540 | 2105 338 0.4 16 
27; 30 1T247| 73°/-68 1 69 1° 15.3 386.3 1) doer a) 2043] 3182 918 304 ie 33 
298; 19 16.2 | 73 | 69 | 69 | 15.3 | 36.3 }.15.7 | .028 |.2558 572 244 ty 43 
29); 60 17.1 | 74 1 69"| 69 | 36.0 | 15.6 6.8 | .086 |.0693 | 1818 156 2.3 9 
80} 34 LO aieay 107) 70130205 A546 6.8 | .052 |.0424 749 95 dh 13 
Se ai es! (Aas | 101 107) 36501 beG 6 8 | .629 |.0098 323 21 2 7 
32} 60 15.8 | 76 | 72 | 70 | 41.0 | 10.6 4.6 | .087 |.0146 | 1757 37 39 2 
33) 22 Cal ee tap On 41 oar 10.6 4.6 | .035 0 382 0 Ss 0 
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An inspection of the above table shows: 


Ist—That, for a given submersion ‘‘h” and lift ‘*H’”’, the 
best efficiency was obtained when the pressure in the receiver 
did not greatly exceed the pressure due to the submersion. * 


2d—That the smaller the ratio ee 
We may say in a general way that under the better adapted 
pressures in the receiver, the pump, as erected, showed the fol- 


lowing efficiencies: 


the better was the efficiency. 


For = = 0.5 iron oe] ©) Siegeremedien Lele (sis ue 6 50 % 
Same Ie Uhaecy WEA late to y) 40 
Cec me 1 Sy ees ae 30 
fot Coe), () wearer Wee Be. 25 


It is apparent that the air pipe should not have been reduced 
at the discharge end, as such reduction necessitated a greater 
pressure in the receiver for the delivery of the air to the pump. 


Unfortunately, the data is wanting for a reliable estimate of 
the loss due to the frictional resistance in the small air pipe. A 
rough estimate shows that such loss must have been large. The 
substitution of a 1} inch air pipe in place of the 1 inch would 
have appreciably augmented the efficiencies given in the table. 
In justice to the pump, a considerable allowance should be 
made for this easily avoidable loss. 

The last test, No. 33, shows a limit of lift for a given sub- 
mersion, beyond which a large excess of pressure is required to 
pump even an insignificant quantity of water. 

For good efficiency, it becomes necessary that the lift should 
not be very great as compared with the submersion. 

Where a shallow sump only is available to pump from, and 
a considerable lift is to be made, Dr. Pohle introduces an aux- 
iliary pipe to receive the water, after being pumped to a small 
height, and act as pump well for a higher lift. See Fig. 5. 





et. 





*“Notre.—This was only true when the ratio = was kept within reasonable 
v 


limits—i. e. where H was not much greater than h,. 
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We have not attempted an analytic treatment of the action of 
this pump. Such treatment would have little value without co- 
efficients, derived from a more comprehensive set of tests. 





Fig, 5. 
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The simplicity of this pump commends it for many uses. 
Among the numerous applications which Dr. Pohlé proposes 
for this air-lift may be mentioned: the drainage of mines; the 
supply of water from deep wells; the lifting of liquids which 
damage the working parts of the pumps ordinarily used; the 
increase of the lift and capacity of other pumps by introducing 

an air jet into the pump column. 
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NOTES ON THE DRY DOCK AND COFFER-DAM AT 
THE NAVY YARD, MARE ISLAND, CALIFORNIA. 


By Otto v. GELDERN, C. E., Mem. T. S. P. C. 


[Read March 7, 1890.] 





At the Navy Yard, Mare Island, an engineering work of some 
magnitude was begun in 1872, which, although not yet finished, 
has been open for about three years and put to the use for which 
it was designed. I refer to the stone dry dock. 

The long history of its construction, running through a period 
of fifteen or sixteen years, would be an interesting one to the 
profession, but the time placed at my disposal did not admit of 
extensive treatment, but confined me to general statements 
only, which are based upon data collected as far back as 1876. 


When the work was contemplated, the following general 
dimensions were adopted by the Navy Department, in accord- 
ance with which a plan was made by Mr. Calvin Brown, Civil 
Engineer, then the chief constructing engineer of the navy 
yard, 
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DIMENSIONS OF STONE DRY DOCK ORDERED 1872, 


Depth of; water on entrancetarchecm to. ses bese: 24> cae see ee eee 2706 
Depth of “arch bel0w coping wee se. oe eo a kb me oot eR ge 32’ 6’” 
Width vot ‘entrance s4i a... . ph eee ERMAN ht) Ob es we ee Sen (heyeltie? 
Depth of chamber floorsbéelowrcoping me. 2. 2... nc. + vs os ots ae 36’ 6” 
Width of “chamber floors. ae ere «0. is vic o's eo se 30’ 0°’ 
Width of. chamber atico pines. cs oc) Gs. ss Joe . 104’ 0” 
Length of chamber to center of head on floor...................06.. 360’ 0°’ 
Length of chamber toimirst altarion foor:... .......+.>seeens eee eee 378’ 0°” 
Length of chamber: to Mead micoping. ais... 5 ou ese ss see eine eee 412’ 0” 


The structure was to be mainly of concrete, laid upon piled 
foundation if necessary, with exterior top courses of large granite 
blocks, to coustitute the floor and form a system of steps and 
altars leading from the bottom to the coping at the top. The 
whole was to have the shape of an inverted arch, and this prin- 
ciple was carried out in the design, in which every granite 
block was carefully drawn to the lines of the arch. (See ap- 
pended cross-section of the dock.) The dimensions which I 
have just given were subsequently changed. Forty feet were 
added to the length of the chamber, making it 400 feet from the 
caisson-arch to the center of the circular head; and still later 
on, when the work was in progress, the dock was widened, 
which destroyed the shape of the arch. I shall refer to this 
point again further on. 


The drain-culverts were designed to run along the sides of the 
dock, leading to a well and pump-house at the head of it, all of 
which, in addition to the emptying-culvert from the well to the 
bay, constituted the system for bailing out the chamber; while 
the filling culverts, laid through the tail end, served, by means 
of adjustable wicket-gates, to open a direct communication be- 
tween the bay and the chamber of the dock. 


The entrance-arch held the device for keeping the water from 
the emptied chamber; a floating caisson was to be adopted with 
appliances for lowering and raising it in place. 


Mr. Brown was sent to Europe, to examine similar structures 
in England and France, and upon his return he reported to the 
Navy Department pointing out the great utility of concrete in 
all works of that kind, and the extensive use made in France of 
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beton and artificial stone structures. But in his concise report 
he rather recommended the system of a floating dock, to be used 
in connection with large dock-basins and a number of hauling- 
ways, (in which the dock is merely the vehicle to transport the 
vessel to the ways, where it may be hauled ashore and moved 
inland as far as desired)—in preference to the system in vogue 
in England, where a number of permanent docks are accessible 
from a wet or mooring basin. This preference was expressed 
not for any single structure, for he advocated the building of 
one permanent dock for every naval station, but for a compre- 
hensive design to be laid down for requirements of the future. 
His reason was the very great cost of the latter system when 
compared with that of marine-ways, any number of which may 
be accommodated by one floating design. 





After studying the location for a site and taking numerous 
borings over the selected ground, work was begun August 13th, 
1872, when the first gang of men started the excavation of the 
pit. This work was subsequently let out to a contractor, after 
the government had removed 18,900 cubic yards in about ten 
months. The contract called for excavating a pit something like 
40 feet deep, containing about 90,000 cubic yards, which were 
to be removed in 120 days, and the price contracted for was 74 
cents currency per cubic yard. 


The contractor began his operations in July, 1873, and con- 
tinued until September 5th, 1874, when his contract was an- 
nulled by the government. He had removed about three-fourths 
of the material from the site when he was stopped. 


The failure was due mainly to the fact that the contractor did 
not carefully consider all conditions likely to arise in a work of 
that character, before undertaking it at so low a figure. The 
difficulties accumulated the deeper he got into the earth. 
His method of removing the material from deep cuts was by 
cars run ona track to a double vertical hoist, moved by a steam 
engine from the bank above. When working well he would re- 
move from 300 to 350 cubic yards of earth per day, employing 
forty-three men to do the immediate excavation in the pit, and 
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some twenty-five more to dispose of the spoil on the bank above. 
This refers to work done when the pit had considerable depth. 
Blasting was made use of in the early part of his work, but 
this had to be discontinued in localities close to the coffer-dam. 


After the collapse, the contractor had numerous grievances, 
which led to aclaim for damages against the United States, the 
tedious but thorough investigations of which lasted through a 
period of over ten years. They form an interesting study in 
themselves, but we shall not dwell upon them here. The final 
settlement of this complicated case, I believe, has not been 
brought about as yet. It remained for the department to com- 
plete the earthwork, which was gradually accomplished by 
taking out small quantities from year to year. 


The progress made in this structure after the year 1874 or ’75 
was very slow, as the appropriations made by Congress were 
never commensurate with the magnitude of the work.  Politi- 
cal and party interests governed almost every detail, and all the 
disadvantages under which the dock was built and finally com- 
pleted, are principally due to that cause, 


The location chosen was a very desirable one. At the tidal 
area of the site hard bottom was found 35 feet below the highest 
tide, upon which rested a layer of soft mud from 15 to 20 feet 
deep. ‘The excavation extended to a depth of about 40 feet be- 
low the same plane, the soil being a stiff bluish and yellow 
marly clay after reaching depths of 25 feet or more. I do not 
believe that water was ever encountered to any great degree; at 
all events no serious difficulty was experienced in providing a 
foundation for the floor of the dock. As far as I know, the con- 
crete bed rests directly upon the hard soil under it for the full 
length and breadth of the structure. 





During the progress of the excavation the coffer-dam was be- 
eun, This structure was designed by Mr. Brown, after deter- 
mining its probable location, and consisted of three rows of 
15x15-inch sheet-piling, the rows 16 feet apart, closely driven, 
connected by 12x12-inch wale-pieces at distances of one foot and 
ten feet below the piling of the dam, which was cut off uniformly 
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at some reasonable height above the highest water. The piles 
were driven through a layer of mud into a hard argillaceous 
material, the mud overlying the hard bottom from 15 to 20 feet 
“or more in places. I have added a table showing the lengths of 
the piles and the depths driven into the hard bottom. 


The front face of the dam was made 240 feet long, with wings 
at each end, running at right-angles to the front shoreward for 
a distance of about 100 feet. Beyond that point there projected 
a double row of lighter piling at each wing, deflected slightly 
outward in alignment, extending to the firm ground about 100 
feet further. The front of the dam ran parallel with the water 
front of the navy yard, the inner row being about 80 feet out- 
side of the high water line. The three rows of the double 
structure, as well as the two rows of the single portion, were tied 
together by 2-inch iron rods,—through both the upper and the 
lower waling, at distances of:10 feetfrom rod to rod. To add to 
the greater stability of the front, four buttresses, consisting of 24 
15x15-inch piles each, were driven at right-angles to its inner 
row; they were braced with heavy timbers laterally and tied to 
the three rows by a long cap running over the tops of the piles. 
(See the appended drawings of the dam.) Similar buttresses 
were added to the wings, but not until signs of weakness 
were manifested there, when three were added to the north wing 
and five to the south wing. 


The first pile of the coffer-dam was driven on September 17th, 
1872, when the south wing was begun, and for the period of 
about a year this work was carried on and pushed toward com- 
pletion. By the end of March, 1873, the dam had so far advanced 
as to admit of the puddling between the rows of the piling, which 
was done by filling these compartments with the stiff material 
taken from the dock pit, and ramming it with tampers when the 
fill became high enough. An opening had been left at the 
northern end of the front for the purpose of allowing the soft 
mud, overlying the hard bottom to a depth of 15 or 20 feet, to 
escape as it was pushed forward toward that gap. The clay 
used for puddling was found to pack well and solidly, easily 
forcing away the softer material which it had to replace. 
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By the beginning of October, 1873, the dam had been closed 
and the tidal area within, some 20,000 square feet, no longer 
communicated with the waters of the bay. Adequate pumping 
facilities had been prepared, and the work of laying dry the 
lower end of the dock site was started. There must have been 
all of thirteen feet of water within the dam when the pumps 
began to work. The weak spot proved to be the junction of the 
north wing and front, at the place where the gap had been left 
to the last. On October 4th, the pumps had been worked all 
through the night until 5 o’clock on the morning of the 5th, 
when the dam gave away at that point. The outer row was 
pressed outward, the inner row inward, and the wale-pieces 
were bent like reeds under the strains. The water had then 
been pumped down to a depth of 2’6” below the average low 
tide, which would correspond to about 8 feet pumped. The 
water again found its way through the dam before preparations 
could be made to repair the damage done. No effort was spared 
after that to strengthen and stiffen this corner. This was done by 
additional bracing, by running continuous timbers from wing to 
wing, locking in at the end of each buttress, and by. large iron 
straps tying the front to the wing. After the break had been 
thoroughly repaired and the puddling renewed, the water was 
kept at the 2’ 6” level by pumping a little from day to day, until 
the 21st of November, when the order was given to ‘‘ pump out,” 
and by December Ist nearly the whole surface was laid dry. I 
do not think that the dam ever gave any trouble after that. As 
it settled into its final position the front face was slightly dis- 
torted and the structure manifested a tendency to lean in, but 
it remained firm and gave no cause for alarm. ‘he leaks which 
occurred amounted to so little, that a small pump operated oc- 
casionally from day to day kept the area free. 

This dam stood perfectly well for twelve or thirteen years until it 
was removed, proving a success as a barrier against the waters of 
the bay. In its last yearsit may have given some anxiety through 
fear of decay, but since it was never exposed to any violent 
action of the sea, and not attacked by teredo or limnoria, from 
which this bay is free, there was really nothing to be feared 
that ordinary skill and diligence could not have anticipated, or 
that a practical engineer should not have been prepared for. 


v. Geldern on Mare Island Dry Dock. 15 


The amount of material used in its construction is as follows: 


FOR THE NORTH WING——-SHEET PILING. 


46 pieces 4 x 12” yellow pine timber, 20 feet long 
Li Gass Gaxehiee. pats oH ee A LOL ee sar ke 
ARej aac SA Vajwe 1455 ay es Se SOLO sO Umut ba 

The latter driven from 6 to 14 feet into hard bottom. 


FOR THE SOUTH WING—-SHEET PILING. 


85 pieces 4 x 12” yellow pine timber, 24 to 36 feet long 


(URGE MMR hee wie So,t0.40, “)  * 
30 ce 8 X 162 66 66 66 44 (a5 6é 
184g ee Loess eee . 3 AUD Ta OUen Soe) 65 


The latter driven from 6 to 14 feet into hard bottom. 


FOR THE FRONT—SHEET-PILING OF INNER ROW. 


132 pieces 15 x 15” yellow pine timber, 55 feet long, driven 
from 12 to 19 feet into hard bottom. 


SHEET-PILING OF MIDDLE ROW. 


155 pieces 15 x 15” yellow pine timber, 57 to 60 feet long, driven 
from 17 to 22 feet into hard bottom. 


SHEET-PILING OF OUTER ROW. 


182 pieces 15 x 15” yellow pine timber, 60 to 65 feet long, driven 
from 17 to 22 feet into hard bottom. 
To all of which 20 wedge-piles and 80 guide and brace-piles 
must be added. } 


FOR BUTTRESSES—SHEET- PILING. 


100 pieces 15 x 15” yellow pine timber, from 55 to 58 feet long, 
driven from 18 to 20 feet into hard bottom. 
192 12” round piles, 45 feet long. 


FOR WALING AND BRACING. 


2280 lin.feet 6 x 12” yellow pine timber 
OT 3 6 8 X Oe 6c 6c 6¢ 

5752, 66 3 12 x y 8.4 6é ce 6c 
360 é ce 15 X 15° 6é¢ 66 6s 
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FOR A ROW OF FENDER PILES, TO GUARD THE WATER FRONT OF THE 
DAM. 
72 14” round piles, 50 feet long. 
250 lin. feet 12x12” timber. 


FOR A PASSENGER BRIDGE FROM WING TO WING. 
98 12” round piles, from 25 to 45 feet long. 
540 lin. feet 12x12” timbers for capping. 
15 pieces 12x12” timber, 30-foot lengths, for cross-stringers, 
and the required planking for the walk. . 


FOR LANDING-PIERS AND BOILER FOUNDATION. 


60 12” round piles, 50 to 70 feet long. 
373 lin. feet 12x12” yellow pine timber. 


60 66 66 16x16” a3 ce ce 
1140 * “ 93x12” planking. 
10220 feet B. M. 4x12” scantling, besides the planking for the 
wharf. 


This includes the timber used to the time when the dam was 
considered completed in 1873. In subsequent years, that is ten 
years afterwards, when the excavation and masonry were car- 
ried on within the wings, considerable additional work in the 
way of shoring from the inside was done, which is not included 
in this estimate. 


The iron work of the dam consisted of a number of heavy 
straps; and of the tie-rods between the rows, of which perhaps 
200 were used, 2 inches in diameter, from 15 to 20 feet long, with 
bolts, nuts, screws, washers, &c. All the work on the dam was 
done by hired labor. 


With the amount of material it will be a simple matter to 
make an estimate of the cost of this structure, as simple as it 
would be difficult to tell what it actually did cost.* 


With the very best supervision and every intention on the 
part of the chief engineer to prosecute the work in a proper 
manner, innumerable obstacles were put in the way of a proper 
administration, the battie with which occupied a good portion 
of the time. 


-_— 


*The amount estimated for it was $93,000.00. 
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As an illustration, a case may be cited in which an East- 
ern firm succeeded in selling the Navy Department two 
so-called gunpowder pile-drivers* for use on the coffer-dam at 
Mare Island. Asside from the fact that the dam was nearing 
completion when one of them was received, set up and ready to 
be experimented with, they cost a great deal of money and never 
worked satisfactorily. Ithink the price of the smaller one (40 
feet high) was $2,000.00, and of the larger one (50 feet high) 
$2,500.00, delivered at the railway station in sections. Be- 
sides that there was a charge of $3,000.00 for the right to use 
them, if I remember correctly. The device consisted of steel 
frames, set up in gins asin the ordinary pile-driver. These 
frames formed the guides for the gun and the plunger, The 
gun or mortar resembled a pile-driver hammer in _ shape, 
weighed about 3,000 pounds, and was made to fit the top 
of an adjusted pile by having its bottom slightly hollowed. A 
cylindrical boring downward 1’ 9” gave it the resemblance and 
similarity to a mortar. This mortar placed upon a pile to be 
driven remained there during the entire operation, its office be- 
ing to receive the plunger, which traveled up and down in the 
frame and, in a measure, performed the work of the ordinary 
hammer. Atits lower end it carried a 5-inch steel piston, two feet 
long, finished off with a ring somewhat larger, to fit tightly the 
6-inch bore of the mortar. The weight of the plunger was 
about 2,400 pounds. It was hoisted in the frame by an engine 
and allowed to drop to the gun on the pile, into which one or 
two small powder cakes or cartridges, weighing from an ounce 
to an ounce and a half each, had been cast by a man stationed 
for this purpose upon one of the platforms. When the explosion 
takes place the pile is forced downward while the plunger is 
hurled upward. It may be held at any height by manipulating 
a brake at the lower platform, which compresses the frame guides 
against the grooves of the plunger. This operation can be re- 
peated with considerable rapidity until the pile is driven as far 
as required. If men are well trained to the work and the opera- 
tion perfectly understood, I grant that this driver might give 
good results; but in order to work well, the guides must be par- 
alle] and nearly in a vertical plane. Where this is not the case 


*Of the Shaw type. 
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the plunger will bind in its movement and stick, which is also 
likely to happen when the piston is in the bore of the mortar 
and the charge has failed to go off. 


In driving piles in this way for the dam, the constant 
bombardment and smoke would cause this peaceful locality 
to resemble a martial fort in warlike activity, when the 
great noise would cease suddenly on account of a disabled 
battery. In such an event the plunger usually got stuck 
in the mortar, and all the pulling of the little 12-horse- 
power portable engine (which, by the way, had to be purchased 
extra of the firm at an additional cost of $1,800) would fail to 
move it a particle. Then jack screws were in great demand and 
the efforts of the entire force were directed in parting these two 
inseparable objects. It sometimes took two or three days be- 
fore the desired result was obtained, when the canonading would 
be again resumed to be similarly interrupted by the elective 
affinity existing between the plunger and the gun. 


Nearly all the piles in the coffer-dam were driven with an or- 
dinary driver, with a hammer weighing a ton and a half, 
mounted on a scow, which was moored and moved with consid- 
erable precision, as all the sheet-piling was driven on set ranges 
with great accuracy. The work done with the powder pile- 
driver amounted to a mere experiment. Only 142 piles were 
driven in all out of the 1,900 that constituted the dam. For 
this purpose 900 Ibs. powder-cakes, costing 374 cts. a pound, were 
used, so that an expense of $2.37 for powder was incurred for 
each pile;—and during all that time steam was up and the en- 
gine of the pile-driver ready to hoist away. 


I extract the following from a record of an experiment made 
with this driver : 


The first pile was shot in May 6th, 1873. It was 45 feet long, 
15 inches square, and driven 13’ 3” by 29 blows until the hard 
bottom was reached. The first blow forced it 30 inches and the 
last blows from 1 to 14 inches, while the recoil of the plunger 
after each shot was uniformly from 23% to 3, and never over 4 
feet. From a record kept later on, when in better running order, 
a pile was struck 59 blows, going 104 inches into hard ground. 
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The recoil of the plunger in that case was from 10 to 15 feet, 
but the results obtained were not very good. The records, 
however, were not extensive enough to deduce any facts 
of value from them; all I can say is that practically this 
method did not prove superiorto our ordinary way of driving 
the pile by a falling weight, not to speak of the disadvantages 
of the noise and the smoke. 


Two of these drivers were purchased, as I have said, but only 
one was ever put together and used. Both of them now adorn 
a scrap pile on the navy yard, I have been told, and their his- 
tory has been almost forgotten by those who knew of them 
seventeen years ago. 


All the piles were driven with blunt ends, in no instance was 
the pile pointed or shod. To keep the top from brooming it was 
protected by an iron ring, and operated upon until the last blow 
of the hammer would drive it about + inch, when it was cut off 
to correspond with the adopted height of the dam. In this way 
the piles were driven as much as forty feet, twenty of which 
were into the hard clay. 


In the front of the dam the piling extended below the excava- 
tion of the pit from 6 to 16 feet, but in the wings the ends of 
the piles did not reach the bottom of the excavation throughout. 


During the long years in which the dock pit was left to its 
fate, the coffer-dam did excellent service, as I have already 
stated, and when work was finally resumed, and the material 
removed within the immediate vicinity of the piling, to make 
room for the masonry of the tail end of the dock, I am not 
aware that it began to show signs of great weakness even then, 
although it may have given some just anxiety to the engineer 
then in charge, when the excavation encroached within unsafe 
limits, but by using good judgment in prosecuting the excava- 
tion and the laying of the masonry, and by giving it all the ad- 
ditional protection and support from the interior as the walls 
progressed during that critical period, there was no great danger 
to be apprehended at any time. When it was finally removed 
in 1886, it had seen a longer service than it was originally de- 
signed for. 
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A calculation of the stability of the front of the dam may be 
summed up with a few figures as follows: 
Highest water level above hard bottom.-.......... 35 feet. 
Horizontal resultant of the pressure of water per 
running foot, from the highest level to the hard 


DOLLOII ere ee ha css wee ok. so eee 17 tons. 
Mean height of clay filling above the hard bottom 

IN ACN EVE OIET-C. AIM es. hs ee 35 feet. 
Width oftelayivall Baise... wot. oe 32 feet. 
Volumevotuclaysperrunning foot: ....2 4a eee 1120 cu. ft. 
Weehttot clay mvall. mics, fs es ak Ss eee 56 tons. 
Nioinenccciroveruurow. oe 6... ss Rl ee 17 x 11.67 = 198. 
MOmMentor Stabby anus. Pts eee eee SO PXGLGy fis BIO: 
A CEDTRO Lesa lO Uy Wet s tis. st ney ae toh neon 4S. 


Of course the stability was in reality much greater, for the 
dam, as a continuous double pile structure, aside from its inert 
contents, has not been considered in this estimate. 





While the coffer-dam was building, the excavation at the 
middle and head of the dock was carried on simultaneously. 
When the proper depths had been reached, the concrete was 
laid as a bed for the granite blocks. This bottom layer was 
from four to five feet thick under the floor, rising in graded 
steps, and offsets in conformity with the adopted cross-section 
of the dock. (See appended illustration. ) 


Many valuable experiments were made by Civil Engineer Brown 
with the marketable cements, and as to the most effective mix- 
ture of beton for the purpose in view. The composition as 
used consisted of broken stone (egg size), gravel and cement, 
taken in the proportions of 50%, 42% and 8% respectively. 
The volume of the mixture was about two-thirds of the total 
volume of the ingredients, and after tamping the mass was re- 
duced to about five-eighths. 


For making the concrete rapidly and effectively an apparatus 
was built which did very good work. The idea was taken from 
a similar contrivance used extensively in France. It consisted 
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of a system of chutes through which the ingredients were dropped 
and came in contact while descending, gravity being made use 
of in this method for incorporating the different materials. A 
platform at the upper edge cf the excavated pit contained two 
hoppers closed by hinged trap-doors, one communicating with 
a vertical chute or box about two feet square, and the other 
with a chute of smaller dimensions inclined at an angle of 45 
degrees, both leading to a third receptacle located at a middle 
platform about 20 feet below the upper one. In the vertical 
chute there were placed six curved plates attached to opposite 
sides, three to a side, inclined downward at an angle of 45 de- 
grees, and about 2’ 6” long, so arranged as to catch the descending 
mass and to turn it over and over while falling, by having these 
plates curved upward and downward alternately. Sheet-iron 
plates protected all the surfaces subjected to great wear. The 
inclined chute had no obstacle of this kind, but presented a 
free communication from the upper to the middle platform. 
In the* hopper of the vertical chute the gravel and cement 
were placed in the required proportions, and saturated with 
water by a sprinkler attached to a reservoir immediately over it, 
until sufficiently moist. The hopper of the inclined chute was 
filled in the mean time with the broken stone to the proper 
amount, and this slightly moistened. Ata word of command 
both traps were simultaneously opened, and their contents 
rushed downward. The gravel and cement were thoroughly 
mixed in their fall, and joined at the outlet a stream of broken 
stone coming down the incline, after which both masses of mor- 
tar and stone collected in the receptacle of the middle platform, 
about twenty feet above the bottom of the pit. A man stationed 
here inspected the mass, and if it appeared too dry, more water 
was added before throwing back the lever which opened the 
trap to another vertical chute leading to the lower outlet. This 
contained four flat catch-boards, similar in arrangement to those 
already described, intended for the purpose of incorporating the 
broken stone with the mortar while falling to the bottom of 
the pit. When the mass was finally discharged it was pretty 
good concrete ready for use. This mixer made batches of half 
a cubic yard at a time, the practical proportions for which were 
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six wheelbarrows of broken stone to five of gravel and half a 
barrel of cement.* It would make, on an average, about thirty 
cubic yards a day, which would allow eight minutes for one op- 
eration of the mixer when in good working order. The labor re- 
quired to do this was about asfollows: two carts to haul materials 
to upper platform, one weigher or tallyman, four men loading up- 
per chutes, one tender at middle platform, and three shovelers at 
the bottom of the pit filing barrows, cars or other receptacles, 
while three men took it off and supplied five tampers. ‘There 
was a water tender below, whose duty it was to keep the hard- 
ening mass at the proper moisture. The concrete was spread in 
layers from 10 to 12 inches thick and tamped down. It was 
kept wet constantly, and allowed to set before another layer was 
added. Rosendale cement was used for the lower courses, and 
Portland cement for the upper layer only, which came in direct 
contact with the granite floor blocks and steps. 


Concrete laying was begun in May, 1874, and carried on with 
frequent interruptions for many years until the walls had been 
carried up the required height. Two mixers were generally in 
use at that time when operations were in progress. ‘The broken 
stone weighed about 2,500 lbs. to the cubic yard, and was de- 
livered in those days at prices varying from $3.50 to $4.50 per 
ton, if I remember correctly.t The gravel was worth about 
$2.50 a cubic yard, and weighed perhaps as much as the broken 
stone. Cements were purchased at marketable rates, Portland 
cement being worth $6.50 a barrel in 1874. The work was done 
by hired labor. 


The amount of concrete in the dock may be estimated roughly 
at 37,000 cubic yards. 


ee 


The first granite block was laid in the floor at the center of 
the circular head on December Ist, 1874, which was considered 
a memorable event in the history of the dry dock—the laying of 
the corner stone, so to speak. 


*I‘his refers to Rosendale cement. When Portland cement was used, one barrel was 
taken for 144 cubic yards of the ordinary concrete. 
TA stone crusher was made use of subsequently for manufacturing this material on 
the yard. 
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The blocks were cut to patterns in conformity with the arch, 
which were furnished to the contractors who finished each stone 
at the quarry and delivered them on the navy yard ready for 
laying. These stones were furnished under different contracts 
at different prices, and were cut in the quarries at Crystal Lake, 
Pino, Rocklin, Folsom and Penryn. They were laid by hired 
labor. A derrick was used to swing them into place, where 
they were set to proper alignment and grade. Under each 
block a layer of thick grout was spread, consisting of sand and 
Portland cement in the proportion of three to one. This 
mixture was also poured in between adjoining blocks to fill the 
joints and to unite them. 

If the dock had been finished in this way, it would have been 
a magnificent granite structure of imposing dimensions and 
elaborate detail. But there were many changes made after a 
great portion of the floor had already been laid, which were not 
an improvement upon the original design. Mr, Calvin Brown 
was retired from active service about that time, and the super- 
vision passed into other hands. It was then carried out to widen 
the chamber eight feet, and in order to gain that distance the 
first broad altar, which had a tread of four feet, was made eight 
feet instead. Later on the width was increased five feet more 
on each side, by inserting five additional altars in the upper 
courses and reducing the rises of the fourteen upper steps cor- 
respondingly. This gave the advantage of eighteen feet extra 
width of chamber, but it completely destroyed the principle of 
the inverted arch, which had been so carefully considered in the 
design and preserved in the work so far done, and which, in 
theory at least, was a correct principle. It also involved the 
overhanging of the side walls of the dock (to what extent I do 
not know) that had been projected originally with an ample 
foundation for the full breadth of the masonry. (The appended 
cross-section illustrates all these alterations. ) 

Similar changes were made in the caisson-arch, to which I 
shall refer, and in this way the intended bond of the dock was 
vitiated from one end to the other. 

I have already stated that the dock was never completed. 
The government of the United States concluded to turn it over 
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for service in a very unfinished condition, for, with the exception 
of the floor and the first rises, the granite had not been laid 
when the coffer-dam was taken away. Instead of the clean and 
smooth surfaces of the stone, the rough and sombre concrete 
beds extended a melancholy greeting to the eye for years; aris- 
ing on each side like solemn monuments to the memory of 
political administrations, they proclaimed the munificence of 
this great country to its important public works—proclaimed it 
in majestic silence, for never could awful stillness have been 
more impressive, even in the Pharaonic sepulchres of the pyra- 
mids, than there in that Mare Island dry dock during those long 
periods of general decadence. It has only been within the last 
few years that the most sanguine mind could have entertained 
the thought of the final completion of this structure. 


Whatever the faults may be that cause results of this nature 
in almost all works undertaken by the nation, they reflect but 
upon the government and its system of providing means for the 
construction and maintenance of the people’s works, But these 
matters have been referred to so often, and are so well under- 
stood by all, that it is useless to make mention of them. 


It is fair to add here that the mechanical work has always 
been executed in the very best manner. 


About the year 1885 the principal part of the dock then in 
progress was the building of the so-called invert, or caisson 
chamber, with its entrance from the bay. It was constructed of 
immense granite blocks laid upon concrete masonry in con- 
formity to the shape of the newly adopted caisson. The floor was 
made horizontal for a distance of 14 feet on each side of the 
dock axis, and a quadrant of a radius of 25 feet adopted to 
connect it with the face of the side wall, making the width 
of the entrance 78 feet. ‘This agrees with the breadth intended, 
but the horizontal floor gives it an entirely different cross-sec- 
tion from the original plan of the inverted arch, to which the 
first design had given such prominence as I have already stated. 


Two projecting shoulders in the masonry allow for the abut- 
ment of the caisson held by exterior pressure. 

The caisson was built by the Union Iron Works, and dif- 
fered from that first intended, and generally provided, by having 
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a deep keel of 18 feet, the main body of the vessel being just 
large enough to float it at any stage of tide. It was furnished 
with eight double wicket gates through the deep keel-plate (to 
be used in filling the dock chamber), and with balancing tanks 
at each end. 


A suit has been pending as to the right of the U. 8. Gov- 
ernment to use this particular construction, which was claimed 
as protected by letters patent. After three years of trouble and 
litigation, and after the case was twice decided in favor of the 
patentee, the Navy Department has seen fit to remove from this 
caisson all those parts infringing upon the patent, which pre- 
sents a fair evidence that the plaintiff has been able to assert 
certain legal rights. 


In the condition in which the caisson is now, it has lost about 
half its utility, for the wicket-gates are barred, and can no longer 
be used in connection with the filling of the chamber, which has 
to be accomplished by the filling-culverts alone. 


The drain-culverts were made of brick-lining, with invert 
bottom and arched top, seven feet high by four wide. They be- 
gin at two drain wells near the entrance arch and run along 
through the concrete walls on each side of the dock to the cir- 
cular head, where they both join on the north side, to carry their 
contents in one culvert to the well-hole under the house, which 
contains the great pumps of the dry dock. 


The discharge-culvert from the pump-well seemed to have 
been an after consideration, and was designed when the dock 
was nearing its present state. Its construction has been ex- 
plained to me, and I have also heard very severe criticisms 
passed upon it by men whose judgment I know to be perfectly 
sound and trustworthy. As I have never had an opportunity to 
see this part of the work, I am not in the position to furnish 
facts from actual observation. The discussion may bring out 
this matter, as there are members of this society now with us 
who saw the progress of this construction. 


The pumping machinery was made by a Philadelphia firm, who 
took the contract in 1884 for furnishing, delivering and erecting 
the pumps for the Mare Island dry dock. 


26 v. Geldern on Mare Island Dry Dock. 

For pumping out the chamber there were to be furnished two 
centrifugal pumps, with a mean capacity of 40,000 gallons per 
minute each, anda lift of from one to thirty-six feet. The pumps 
were to be worked by two separate vertical non-ccndensing en- 
gines, each directly connected with one of the pumps so as to 
form two similar and independent apparati. Hach engine to 
develop sufficient power to perform the duty required of its 
pump, with fifty pounds pressure of steam in the steam cylinder. 
The contract included the furnishing of all the necessary suc- 
tion and discharge pipes, and check-valves for controlling the 
flow of the water. The contractor was also to furnish a centri- 
fugal drainage-pump of not less than 2,000 gallons per minute 
capacity, with a suitable engine, in addition to the large pumps 
for emptying the dock. These pumps were erected in 1885 and 
ready for testing long before the coffer-dam was removed, for, 
with the usual promptness of the government in all such cases, 
a considerable time was wasted before the gravity of the situa- 
tion allowed the authorities to begin this work and to complete 
it. It was completed finally in 1886, when the test was made. 
The pumps have been accepted and must therefore have come up 
to the requirements of the contract. 





To sum up these remarks I want to make a statement of the 
cost of this great structure, which will not prove uninteresting. 
The original estimate itemized the probable expenditures as 
follows: . 
CSOT OT CAT eras is oo 6 ss os os ds ike Se Seaiha's ic cos ..-$ 93,000 


Excayationmna embankment: |... foc ee reeteeees oe ee Tae ee 104, 550 
TOOIS (ATO IS EOTOR AC: ca» cn. oda cy bo ha Meee Eee emer: a tras 70,000 
Temporary pouudings 4 v.51 VO eens wets ye hs ple 7,500 
Temporaryairainage. «bi; i fs. sss os Pee gs. ARSE eT 25,000 
Piling, capping and planking foundarine GEM OGC KT cote giro ois ook sat 100,280* 
Concrete andgasphaltum work. ..., se eee eee eee hia ac ace 70,500 
CULVOTLS Gm ticis atis ees ss PMI le! Se, 8269 ats ee eg 45,609 
LONG NISONTY oe oe oe Fee ss ons ayo ee oe eee ie ss eel . 1,185,768 
Caisson, calvert cates... .. isis... 0.0 ean te mAs ah 109,608 
Hugine hodseqetGr.c ess. ...4 ska ee waren es hires =p sees 123,000 


Engine, boilers ANG PUIMDS, +), . 04 60.4.6 eee eee ee ls ss. ve 125,000 





*Not required in the construction. 
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Two. pilerwharvogeradaeme eo tide os coe. Sale eed as dec sles ou vares 13,284 
Removing coffer-dam and dredging.............. 1... seeeueee 20,000 
Contingent; =. s.aere ness Oc BSCS Rr ee ee 50,000 

LOGE Pen UCI A et Oo foe islet Bie Gepe pine ie dade Code es $2, 143,099 


The money appropriated to the year 1886 was $2,577,500, 
which included an expenditure upon an iron-plating shop of 
$111,350 that should be deducted, leaving $2,466,150 for the 
dock. To complete it another estimate called for $191,595, 
which was appropriated; and when that had been expended 
without the desired result, $80,000 more were asked in May, 
1888, for the same purpose and allowed. If that should finish 
the work, it will have cost the small sum of $2,737,745, which 
overruns the original estimate about $600,000. We must re- 
member that the dock was lengthened 40 feet and widened 18; 
but this additional length and increase of width, at the same 
rate, need not have cost more than $250,000. 


With such figures as these it does seem wise not to advocate 
the system of permanent stone dry docks as a comprehensive 
design for the future, and we can see the justification of Mr. 
Brown’s objection. If it were required, for instance, to build a 
mooring-basin containing six of such docks for the accommoda- 
tion of our vessels, and we were to base our estimate on past 
experiences and say: ‘‘If one dry dock will cost $2,737,745, 
what will six dry-docks and one mooring-basin cost?’’ I don’t 
think that we would build many mooring-basins with dry docks, 
for even this country could be bankrupted. 

Compare this with the cost of European docks of similar di- 
mensions. 

The Mare Island dock measures about 530 feet between ex- 
treme ends, and has a width of entrance of 78 feet. The cham- 
ber is 461 feet long, 30 feet wide on the floor, and 122 feet at 
the coping—the coping being 36’ 6” above the floor. At average 
high tide the depth of water is 31’ 6” in the chamber, and 27’ 
0” in the entrance arch. It will accommodate a vessel of 75 
feet beam and 21 feet draught at low water. 

These dimensions compare favorably with the largest docks 
in England and France, The eastern dock at Southampton, 
with a length of 538 feet over all, a width of entrance of 80 feet, 
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and a depth of 20 feet, was built, in 1854, of brickwork with 
Portland copings, and is stated to have cost £53,000, say 
$265,000. . 

I could take numerous cases to illustrate how very expensive 
the granite dock at Mare Island has been,* not omitting to 
consider the costliness of the material, which was perhaps 
unnecessarily elaborate for the purpose. The material best 
adapted for construction is known to be hard-burned brick, be- 
cause such masonry will be the closest that can be made. Large 
stone blocks are hardly in place, since it is possible to make a 
Portland cement mortar not only equal to, but in many cases 
exceeding in hardness that of stone. It would only seem neces- 
sary to trim the corners and the edges of the brickwork with 
granite. 

Another instance of the cost of foreign docks is presented by 
the two new dry docks at Toulon, where six already in use proved 
insufficient. The dimensions of these docks are 416 feet long, 
82 feet wide, and 31 feet deep. The bottom in this case gave a 
great deal of trouble, and led to the method of laying the founda- 
tion under compressed air. The beton masonry was built in an 
iron floating dock 470 feet long, 135 feet wide, with sides 62 feet 
high. The bottom pontoon was 23 feet deep, of this 7 feet be- 
long to the air-chamber, which was divided into eighteen com- 
partments. The masonry under the floor was over twelve feet 
deep. One of these docks was built in four years’ time, although 
it proved a construction of the greatest difficulty, which gave 
constant unforeseen trouble. The cost of these structures, 
which was considered great, amounted to $750,000 apiece, of 
which $200,000 go to the floating dock alone. 

The amount of money thus far expended upon the Mare 
Island dock is sufficient to build three Toulon docks, and leave 
a balance of nearly half a million dollars. Or, if we deduct 
the item of the granite from the total cost of the Mare Island 
dock, it will still leave a sum large enough to build both the 
Toulon docks, and have about $50,000 to spare, after all of 
which it isto be remembered that the Mare Island dock is not 
finished yet, and may cost still more. 





*I have somewhere read that the Norfolk dry dock, vuilt about 1830, after which this 
has been copied, has cost the Government something Jike $950,000. 
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MINUTES OF MEETINGS. 


ANNUAL MEETING. 
January 24th, 1890. 
President Marsden Manson in the chair. 


In the absence of the Secretary, Mr. Keith, and Mr. Ray- 
mond, one of the judges, the chair appointed Mr. Vischer to 
act as Secretary, and Mr. Wagoner to act as teller with Mr. 
Behr. 


After opening and counting the ballots, the tellers reported 
as follows: 


“We, the tellers appointed to conduct the election of officers 
for the Technical Society of the Pacific Coast, January 24th, 
1889, hereby certify that twenty-nine (29) ballots were cast, all 
being the regular ticket proposed, a copy of which is annexed, 
and that no other votes were given.” 

Signed: 
LutHer WaGoneER, 
H. C. Brur. 


| Then followed a list of the elected officers, thus: 


President, JoHN Ricuarps; Vice-President, Professor F. 
Soute; Treasurer, James Spiers; Secretary, Orro von GELDERN; 
Directors, Ross E. Browns, L. L. Roxsinson, Hermann Kower, 
S. Harrison Surra, Husperr ViscHer. 


30 Minutes of Meetings. 


The Secretary read the report of the Treasurer, which was 
referred to the Finance Committee. 


No further business appearing, the meeting adjourned. 
H. Viscusr, Acting Secretary. 


REGULAR MEETING, 


February 14th, 1890. 
Regular meeting called to order at 8 pr. m., President John 
Richards in the chair. 


The minutes of the last regular meeting were read and ap- 
proved, 

Mr. Ross E. Browne then read a paper prepared by him and 
Mr. H.C. Behr, entited ‘‘ Dr. Pohlé’s Air-Lift Pump.” After 
an interesting discourse upon a series of experiments, made by 
the authors in connection with Mr. P. M. Randall, Civil Engi- 
neer, an illustration of the manner of manipulating the pump 
and of the principle involved, was given by a small model of the 
apparatus, prepared for the occasion by Mr. H. C. Behr. 


The discourse gave rise to an interesting discussion in which 
many of the members took part. 


After the discussion a vote of thanks to the authors was 
passed. 


The President having appointed Messrs. Luther Wagoner 
and 8. Harrison Smith tellers to count the votes cast for a num- 
ber of new candidates for admission to the Society, they re- 
ported that the following gentlemen were duly elected: 

As members: 

Jas. W. Reid, 
H. T. Bestor, 
Geo. FE. Schild, 
Burr Bassell. 

As associate: 

Henry P. Dimond. 

Meeting adjourned. 

Orro v, GreLpERN, Secretary. 


Minutes of Meetings. 31 


REGULAR MEETING. 


March 7th, 1890. 
Called to order at 8:30 Pp. mu. by Mr. 8S. Harrison Smith, act- 
ing as chairman. 


Two agents, representing the firm of Keuffel and Esser, 
brought a number of engineers’ instruments to the notice of the 
Society, with the desire to have the new features of both sur- 
veying and drawing instruments pointed out to the members 
present. Mr. Hubert Vischer explained the samples submitted. 


This occupied some little time, after which the regular busi- 
ness of the meeting was taken up. 


It was ordered to dispense with the reading of the minutes of 
the last regular meeting. 


The following publications were presented to the Society : 

** Catalogue Keuffel and Esser,” 1887. ) 

‘*Explorer’s and Assayer’s Companion,” by J. S. Phillips, M. 
E., presented by Geo. Spaulding & Co. 

‘* A Treatise on Masonry Construction,” by Ira O. Baker, pre- 
sented by the author through the publishers. 

“Transactions of the Kansas Academy of Science,’ 1887-88, 
by the Academy. 

‘* Transactions of the Astronomical Society of the Pacific,’’ 
1889, by the Society. 


The Secretary was instructed to acknowledge receipt and 
thank the donors. 


The following applications for membership were read, For 
members: _ 

J. G. Pohle, proposed by Ross E. Browne, Chas. IF’. Hoff- 
mann and H. C. Behr. 

Adam Edward Chodzko, proposed by H. C. Behr, J. Richards 
and E. J. Molera. 

P. M. Randall, proposed by H. C. Behr, Ross E. Browne and 
Otto von Geldern. 


The Secretary then read a paper prepared by himself, en- 
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titled: ‘* Notes on the Dry Dock and Coffer-Dam at the Navy 
Yard, Mare Island, California,” 


Not having had time to prepare the necessary drawings to 
illustrate the paper, the discussion on the subject was ordered 
postponed. 


Meeting adjourned. 
Orro v. GELDERN, Secretary. 
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TECHNICAL SOCIETY OF THE PACIFIC COAST. 


INSTITUTED APRIL, 1884. 


TRANSACTIONS. 


Nore —This Society is not responsible, as a body, for the statements and opinions 
advanced in any of its publications. 





(VotumE VII.—Aprit, 1890.) 





COFFER DAMS AND FLOATING CAISSONS. 


BY RANDELL HUNT, C. E. 


[Read April 4th, 1890.] 


Coffer dams are used when it is necessary to pump out or 
excavate a foundation pit, and it is requisite to keep the work 
on the inside, dry. There is probably no other class of work 
in connection with foundations so little understood or so gen- 
erally mismanaged, and in which all rules of good construction 
are so carelessly applied. 

The result of this lack of Erowid has had a tendency to 
make the cost of this kind of work excessive; while the many 
failures to accomplish the proper coffer-damming of foundations 
prevents many a contractor from even making an attempt at it, 
and has in numerous cases magnified the difficulties to be over- 
come. 

A coffer dam which has proved a success in one locality is not 
of necessity suited to another in which different conditions of 
soil exist. At the same time, bowever, a well designed dam, 
built for use under certain conditions of depth of water and 
variety of soil, is perfectly adapted for all similar work; and, 
indeed, it is possible to prescribe a standard set of designs to be 
of use for foundations generally of almost all characters. 

Coffer dams are temporary structures, to last, generally, only 
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the short time while the permanent foundation inside of it is 
being constructed. It is, therefore, of the utmost advantage to 
reduce the cost of building them to the lowest possible amount. 





COFFER DAMS FOR SHALLOW DEPTHS. 


In still, shallow water, and where the soil of the bed of the 
river or stream is more or less impervious to quick infiltration, a 
mere embankment of clay or earth made with sufficient strength 
to withstand the pressure is generally the cheapest, and a very 
efficient coffer dam. 

Clay makes the best dam, and will stand for a short time with 
considerable pressure against it without giving way. But there 
is no objection to the dam being made of a large proportion of 
sand and gravel mixed with but a small quantity of clay or stiff 
mud, which serves the purpose of making a concrete mass well 
calculated to keep out water. Such dams can be used up to 
considerable depth; but as their dimensions increase very rap- 
idly in volume for but a limited increase in height, they usually 
become unwieldly and too great an obstruction to the stream to 
be used in such cases. | 

A very good coffer dam in depths not exceeding four or five 
feet, is to make a cheap crib with sides of planks of two inches in 
thickness (see Fig. 2), and with a width equal to the depth of 
water. In the pockets of ‘this crib, which has been settled at the 
desired foundation site, earth, whether clay or other kind, is 
placed. This filling will generally sufficiently puddle itself in 
the process of being put in place. It has been the author’s ex- 
perience, in almost all the cases under his observation—which 
have been quite numerous—that there will be very little leakage 
in such a coffer dam, if the same is used when the sides of the 
crib touch the soil at its bottom edge pretty evenly all around. 
But in such a dam the joint between the filling material and the 
natural surface of the ground is the essential feature. It is 
seldom that the water will get through the filling above this 
joint, eve. if the sides of the crib are in no way tight; but at 
the bottom of the filling the least little seam, due to lack of close 
contact, will be apt to lead to an ever-increasing leak until the 








a 
2 PLANKING 


Fiouge OD 














SHEET Prine 3 18" 


0 i aa . 


” 


eS ee 
1 























yehe n-ne cece nee 


+ 


SSSSZ- ZA SSE 


CA, 





! 
1 
t 
' 
sl 
8 
x0 
% 
\ 
1 
} 
| 


| . 0 
eam ems On oy, pee ea ee =< 





ISAS ZS 


en 
\ 
1 
' 





SS eR 


SSM, SSW SSC VUE SG le Slt SSM SEW Sh, Els SE ht i 
si gegen = 2 
ST it) Ee 



































36 Flunt on Coffer Dams and Floating Caissons. 


crib is often completely undermined. It is for this reason, as 
we have said before, that the earthen coffer dams are most suc- 
cessful when placed upon a soil which is not too porous. For, 
due to the pressure from the head of water on the outside of the 
dam, a soil which is loose, ike most sands, will admit of a seap- 
age, which invariably takes place just at the ‘‘ joint ”’ where the 
filled crib rests upon it, and the grains of sand flow into the dam 
until the undermining becomes serious. From this fact, some 
engineers prefer a filling of gravel and clay, for, as any mate- 
rial is drawn from under the crib, the gravel will fall down 
and atonce fill up the void. We prefer, however, to use a more 
compact material in these small coffer dams—one which will 
cement itself closely to the ground in the first place, and which 
in itself will not permit of the leakage of coarser gravel. 

If the soil is a ight porous one on which the dam is to be 
constructed, either as an unprotected embankment or as a crib, 
the base should then be as broad as circumstances will permit, 
or often better, an entirely different kind of coffer dam should 
be used. 

An earthen dam, without the protection of the crib described 
above, will need slopes of about one and a half to two horizontal, 
to one vertical, on both its outer and inner sides. For a dam 
four feet in height, therefore, with a width at top of four feet— 
and it should never be less than this—the width of the base will 
be from sixteen to twenty feet, requiring more room usually 
than can be spared for such work; besides which, the expense of 
constructing such an embankment would be much in excess of 
the crib made of simple planks. 

Where there is a current which is strong enough to scour the 
foot of an embankment, or to eat its way under the edge of a 
crib, a useful expedient is to deposit a row of bags of gunny 
sack, or some other coarse strong material, filled with sand, or 
better, concrete, at the foot of the slope or at the edge of the 
crib. In the latter case it is still better to fasten canvas to the 
outer sides of the crib and then place the bags on top of it, and 
as close to the edge as possible; this method is shown in the 
figure. 

We have intended the two different coffer dams described 
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above to be such as have often done good service in shallow 
water—depths not exceeding about four feet—but for greater 
depths they are better when modified somewhat. They are the 
types of the simplest kinds of dams and hardly eall for the 
rather extended notice given them—but simple things are not 
always thought of, and our description may be of service to be- 
cinners at coffer damming. 


SHEET-PILE COFFER DAMS. 


A coffer dam should above all other things be as dry as it is 
possible to make it, and if made of sheet piling, only an experi- 
ence with the numerous leaky places likely to show themselves 
when the dam has been pumped out, will be apt to convince one 
of the serious importance of untiring care in all the details of 
construction. 

Figure 3 shows a section of a properly designed sheet-pile 
coffer dam, which if constructed in an impermeable soil in which 
the sheet piles can be driven without striking obstructions, such 
as stones or boulders or sunken logs, can be made to do good 
service for considerable depths. 

The sheet piles are driven against walinge pieces, which form 
a frame work about the foundation site, and serve as braces 
against the sides, to which the cross braces are attached. The 
sheet piles should be continuous all around the dam, all of tongue 
and grooved or other matched lumber, without any break in the con- 
tinuity of the matched material except the unavoidable connec- 
tions at the joining of the beginning and end together. 

It is wrong to drive sheet piling between upright posts or 
piles placed at certain intervals—although this method is one of 
the old standard ones mentioned by engineering writers; at 
every post a bad and imperfect joint is likely to occur. The 
sheet piling may not be driven perfectly vertical, and the last 
one of a panel between posts must be made to fit tight against 
the side of the post, as well as making a close joint with the 
preceding sheet pile, which will be a very difficult thing to do 
under the circumstances. The use of these posts or piles is 
not apparent to us, for the sheet-piling if properly shaped and 
driven will make a close fit with one another and not require 
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the posts to aid in wedging them together. If it is necessary 
for the purpose of giving lateral support to the sides of the 
coffer dam to use large piles, or posts, it is far better to place 
them on the inside of the coffer dam and not interfering with 
the sheet-piles. It is well to place a waling piece on the out- 
side of the sheet-piles at their tops, and driving them between 
this and the inside waling piece. Of course a dam constructed 
as described, if of any considerable extent and depth, will have 
some leakage; but it is surprising, how after the sheet piles get 
thoroughly soaked and swollen together, what little leaking there 
really is. 

The frame-work of waling pieces should be carefully put in 
position before the driving of the sheet piles takes place. In 
many cases this can best be done by framing it together of the 
size desired, and separating the upper and lower belts of walings 
by small upright posts placed between them and joined to them. 
This frame can then be sunk at the desired location and the 
sheet pile driving commenced against it. If there is much ex- 
cavation on the inside of the dam another set of side-pieces or 
walings can be put in after the excavation has proceeded a few 
feet and pushed down as low as desired. ‘To make the dam 
complete, on the outside should be deposited a footing of clay 
or other impervious soil, if the same can be had conveniently 
and it does not form too great an obstruction to the work. This 
footing of clay will stop up any small hole in the dam due to 
bad workmanship. 

Another very good form of coffer dam, and at the same time 
an inexpensive one, is made by driving sheet-piles against the 
outside of the timber crib which we have previously recom- 
mended for coffer damming in shallow water. When so made 
this crib and sheet-pile combination can be used in considerable 
depth of water, up to ten feet or more, if placed upon an im- 
permeable soil. But the making of coffer dams with cribs is 
generally done by using cribs made of much heavier material 
than the thin planks recommended above, and further on will 
be more fully treated of. 

Figure 1 shows a sheet pile coffer dam, made against a frame 
of large piles and waling pieces. This makes one of the most 
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serviceable of all dams for ordinary shallow water construction. 
The principle of a good sheet pile coffer dam should always 
be to make a good and stiff frame first, against which to drive 
the sheet piles; and whether made of the frame of walings, or 
cribs, or bottomless caissons, it should be well braced with cross- 
braces to prevent any distortion when the pumping and excava- 
tion takes place. 

A regular plan should be decided upon, and carefully followed. 
It is only in this way that we can hope to be successful in foun- 
dation work. Haphazard construction without a clearly under- 
stood design will invariably result in much loss of time and 
money. 





COFFER DAMS IN SANDY SOILS. 


If coffer dams are built upon the simple plaus which have 
been briefly sketched, and are founded in stiff and impermeable 
soils, or upon hard-pan or rock, there is no reason why they 
should not be successful. 

Coffer dams upon sand and gravel are, however, structures of 
magnitude and great cost, whenever the head of water to be 
shut out becomes greater than four or five feet. Experience 
with coffer-damming in clay, river or harbor mud or upon solid 
foundations, is more apt to be of disadvantage to the engineer 
when he comes to found in sand than of benefit, for he is very 
likely to start construction on the same principles. 

Most sands and gravel are more or less porous for almost un- 
limited depths. Therefore the simple crib or bottomless caisson 
with a single row of sheet-piling driven to moderate depths, 
even if the workmanship be of the best, will not prevent the 
whole bottom of the foundation from allowing the water to leak 
through like a sieve. Often the force of the leaking water sets 
the sand (particularly if rather fine grained) in motion, it becomes 
more or less quick, and the dam becomes a failure in short 
order. 

To construct a coffer dam in sand with any certainty of suc- 
cess requires that the damming shall be perfectly done by care- 
fully driving the sheet-piling, which must be well matched 
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together, to a very considerable depth below the level of the 
excavation on the inside of the dam. This depth must depend 
somewhat upon the character of the sand and its permeability; if 
light and not very compact, a rough rule of thumb is to have 
the sheet-piling next to the foundation, put as deep below the 
bottom of the excavation as the head of water above it. 

When the head of water on the outside exeeds a few feet, the 

coffer dam is best made by driving two rows of sheet piles, 
spaced as many feet apart as the head of water, up to ten feet 
depth, and about three-quarters of the head for dams of greater 
height. 
- The space between the rows of sheet piles should be excava- 
ted to a depth from two to five feet below the line of the excava- 
tion on the inside of the dam, and then filled with carefully 
puddled material of clay, loam, or a mixture of either of these 
with coarse gravel. 

The framework for the inside row of sheet piles is usually 
made as shown in Figure 1, of large piles, with waling pieces 
spiked to them. These large piles add lateral stiffness to the 
dam and avoid the need of too many cross-braces, which are 
more or less a hindrance to the work inside. 

The labor of driving sheet piles is always one of the most 
expensive items of coffer dam work, and the double row of sheet 
piles, their increased length, and the extra labor required to 
drive them, increases the cost to a large extent. Often, how- 
ever, an expensive coffer dam in the first construction is the 
cheapest in the end, as the cost of pumping is thereby much re- 
duced. 

The filling in such a dam as last described should depend 
somewhat upon whether the sheet-piling has been successfully 
driven so as to make a dam without any serious holes in it. If, 
from one cause or another, there are such bad places in the dam, 
it is then a very useful expedient to use as filling material, a cer- 
tain amount of hay or manure, on top of which is deposited clay 
and gravel. 

The effect of this hay and manure as filling material is, that 
it is drawn into the cracks and crevices by the leaking water and 
chokes them up. The gravel—and here is well exemplified why 
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this is to be preferred to clay or loam in such cases—follows 
down and presses against the hay, while at the same time it 
cannot escape. 

In the case of a coffer dam made of a single row of sheet piles, 
a little hay and manure placed against the outside of the piles 
and then filled on the top with gravel and sand, is often of great 
use. 


COFFER DAM USED IN CONSTRUCTING THE CHIPPEWA RIVER BRIDGE ON 
THE CHICAGO, BURLINGTON AND NORTHERN RAILROAD. 


Ficure 4 shows the coffer dam which was used in construct- 
ing the foundations for the pier for the draw span of the Chip- 
pepa river bridge. This bridge crosses the Chippewa river in 
Wisconsin about three-quarters of a mile above its mouth. It 
is founded in a moderately fine sand of unknown depth, borings 
as deep as fifty feet having been made without showing any 
other formation. The piers are placed upon piles, which are cut 
off about as deep as the river usually scours, 

The coffer dam here shown, is given as an illustration, not of 
a success, but as a partial failure, the actual results which were 
expected to be attained not being realized. The original plans 
for the foundation of this pier contemplated the cutting off of 
the piles at an elevation three feet lower than shown in the 
drawing, but with the aid of three centrifugal pumps—one seven 
inch and two five inches in diameter—the water could only he 
lowered to a few inches below the tops of the piles as given. 

Rather than delay the construction of the bridge, which was 
much needed by the railroad, the foundation was raised these 
three feet, and extra precautions were taken by brush mattresses 
and rip rap to guard against any possibility of scour in the future. 

The coffer dam was made of three rows of sheet piles spaced 
about six feet apart, the inner row being braced by walings 
against large piles. The inside sheet piles were made of three- 
inch oak planks, matched together with a V-shaped tongue-and- 
groove; the two outside rows were of two-inch pine matched 
boards. 

No dredging of the material between the different rows of 
sheet piles was done before the puddling was deposited. 
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The dam leaked badly through the joints between the sheet 
piling, and this leakage was greatest near the bottom of the ex- 
cavation on the inside of the dam, the sheet piling showing 
many poor joints here; a large amount of water also came 
through the bottom of the foundation pit. - 

This coffer dam is instructive in showing clearly the mistakes 
of construction; briefly stated they were: 

The use of sheet piling which was not thick enough to stand 
the hard driving without making irregular and open joints. 

The sand between the rows of sheet piles should have been 
removed to a depth at least as low as the excavation inside the 
dam, before the puddling material was deposited. 

The inside row of sheet piles should have been driven deeper. 

With these precautions and good workmanship, there should 
not have been any trouble in reaching the desired level, although 
the leaking through the bottom of the foundation pit would in 
all probability have been considerable. 

But is there not another lesson to be learnt from this coffer 
dam, besides that of how it could have been made water-tight ? 
Does it not clearly show that it would have been far wiser to 
have made use of an entirely different plan to secure the desired 
end; not to have used a coffer dam at all, but to have used an 
open caisson, sunk on the pile tops after having previously re- 
moved the sand, and sawed off the piles at their proper elevation, 
by any of the simple means for doing such work ? 

The plans of this coffer dam and its details of construction 
were those of the contractors, who were not confined to any 
particular method in achieving the results called for by the 
specifications. 

Professor Baker remarks,* in language which indicates prac- 
tical experience: ‘‘ Trying to pump a river dry through the sand 
at the bottom of a coffer dam is expensive. * * * Probably 
a coffer dam was never built that did not require considerable 
pumping, and not infrequently the amount is very great—so 
great, in fact, as to make it clear that some other method of 
constructing the foundation should have been chosen.” 





*<«* Masonry Construction,” page 262. 
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THE USE OF CANVAS IN COFFER DAMS. 


Canvas is often used in connection with coffer dams. In 
many cases it serves an admirable purpose, while in many others 
its efficiency is more imaginary than real. It is seldom neces- 
sary, in the author’s opinion, to make use of it in sheet pile 
coffer dams except when the filling on the outside of a dam is 
liable to be washed away by a too rapid current, Then canvas 
nailed securely by its upper edge to the sheet-piling can be 
spread out over the filling, and its lower edge weighted down 
by heavy stones to the bed of the stream, and thus secure the 
dam from any scouring effects. In the same way it is often 
used on the lower edge of bottomless caissons which rest ou 
rock or sandy soil. 

An example of its proper use is given in another place, in the 
description of the coffer dam for the Aulne viaduct. 

A coffer dam can be made of sheet-piling upon a rock found- 
ation. In this case the framework against which the sheet piles 
are to rest, should be anchored in place by long steel rods, 
which are drilled into the reck at certain intervals. The wooden 
sheet piles are then put in place as in any other coffer dam, 
only to prevent their floating up they should be well spiked 
to the waling-pieces of the framework. The piles should be so 
driven that their ends will slightly bruise themselves against the 
rock, The dam should now be completed by a toe of clay filling 
on the outside, and if in further danger from a rapidly flowing 
current, this filling should be protected by canvas as mentioned 
above. 


COFFER DAMS MADE OF CRIBS. 


Very successful coffer dams have been made of cribs in con- 
nection with sheet-piling. The principle of these dams is ex- 
actly the same as those previously mentioned of sheet piles 
against a frame work. But they possess great stiffness, and are 
therefore well adapted for use in deep water. 


FLOATING CRIB COFFER DAM. 


In improving the navigation of the Schuylkill River in 1880, 
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a floating coffer dam was used, a sketch of which is here given, 
Figure 5. 

The outside dimensions were 32 by 45 feet, and the inside 20 
by 36 feet. The dam was framed in two halves, cut longitudi- 
nally, for the purpose of passing the locks of the navigation— 
the two cribs, when coupled end to end, making a float 96 feet 
long by 16 feet wide. 

This dam was novel in its design. Its being framed into 
halves, as above described, afforded facility for moving it, making 
it well adapted for use in constructing foundations for bridge 
piers, or other similar structures, after which it could be readily 
removed without injury to the dam itself, by uncoupling and 
removing each section. It also had water-tight chambers or 
boxes in the crib, by means of which it was floated from one 
point to another, and great facility afforded in settling it over 
obstructions. 

When the crib was floating in the desired position, the long 
timbers marked B were let down into the river bed holding it 
in place. The water-tight compartments were then allowed to 
fill with water and the crib would sink to the ground. If addi- 
tional weight was required to aid in sinking it these compart- 
ments would be filled with stone. 

After the crib was well grounded sheet-piling was driven 
against it, on the outside, all aronnd. Puddling of good, 
heavy, gravelly material was then placed around _sheet-piling, 
after which the dam was pumped out. 

The crib was framed eight feet high, and, usually, operated in 
seven and a half feet of water. The operation of removing the 
dam consisted in first pumping out the water-tight compart- 
ments and clearing them of stone. The sheet-piling was three 
and four inch jointed white pine, and was pulled up and used 
over and over again with but a small addition of new material 
required for each dam. 

It is stated that the original cost of the dam, in 1879, was 
$1,128, and that it was used for several years. A 6-inch Andrews 
centrifugal pump was used for pumping, but at many locations 
the sheet-pilling was so tight that very little leaking occurred. 
Generally the pump was run three minutes out of every ten. 
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This dam required bracing inside while it was being pumped 
out; and during the prosecution of work a steam drill was used 
in removing the rock. The dam was a successful one and well 
adapted to the work for which it was designed.* 

In our opinion it would have been an advantage to have had 
the outside of the crib made solid instead of with spaces be- 
tween the timbers; in this case it would have been water-tight, 
and the duty of the sheet-piling would only have been to pre- 
vent leaking underneath the crib. 

A good plan of coffer damming, when some protection is de- 
sired to remain permanently about a foundation, is to make it 
of cribs of timber, and to fill the same with rock, leaving the 
whole dam in place, and filling the space between the dam, and 
the foundation also, with rock. 





COFFER DAMS WITH BOTTOMLESS CAISSONS. 


An ordinarily built caisson with sides of plank well caulked, 
but without a bottom, sunk at a foundation site and surrounded 
with sheet-piling resting against it, makes one cf the most ser- 
viceable and economical coffer dams. Particularly is this the 
case when the dam rests on rock and the toe of the sheet-piling 
is protected by clay, preventing leaking under it. The principle | 
of such a dam is good; for it reduces the area of possible leak- 
ing to the space below the edge of the caisson, and the sheet 
piles have only to prevent leakage at this part of the coffer dam. 

It should always be the aim in designing a coffer dam, to be 
as sure as possible that the leaking is reduced to a minimum; 
and while it is possible to drive sheet piles so close that they 
will not leak at the joints with one another, still it is not always 
likely to occur; and by using a bottomless caisson as described 
above, or a crib of which the sides are water-tight, we know in 
advance that we have at least that much of our coffer dam abso- 
lutely safe from leaks. 


* Proceedings of the Engineers’ Club of Philadelphia, Vol iv, No. 4. 
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COFFER DAMS OF THE AULNE VIADUCT. 


A very notable coffer dam of this description is that of the 
Viaduct of Aulne,* in France, of which Mr. Arnoux was the en- 
gineer, and shown in Figure 6. The piers in the river were 
three in number, and for two of them the difficulties of getting 
a foundation were serious. A dam below the bridge site made 
the depth of water about eighteen feet, besides which the high 
water of the sea made it about five feet higher. The foundation 
was a schistous rock, with very much inclined beds, of which it 
was necessary to break off the surface in order to reach the hard 
rock, and this, besides, was covered with a bed of mud and 
gravel. It was very necessary, in order to secure a pefect found- 
ation, to be able to build the piers inside of a dry coffer dam. 
For this end, after having dredged off the soft material, a wood- 
en bottomless caisson was submerged at each pier, 75 feet long by 
33 feet wide, and the sides of which had been well caulked in 
advance. On account of the inequalities of the rock it was im- 
possible to have the bottom of the caisson fit to it with any 
regularity; therefore, after it was sunk, between the two last 
courses of longitudinal braces of the caisson were driven verti- 
cal sheet piles well jointed. 

A small dam of clay was placed against the feet of these sheet 
piles, and covered with strong canvas held in place by rock. 
The interior of the caisson was then drained, and it was found 
to be so free from leaks that a single pump working only two or 
three hours a day was able to keep the enclosure perfectly dry. 
There was no difficulty in taking off the soft parts of the schist — 
and laying bare the hard parts in regular surfaces, and finally 
constructing the masonry up to high water. 

In setting the caisson in place, the dam below the bridge was 
made use of. The caisson, after having been made on boats, 
was taken to the desired place and allowed to descend until it 
rested on some posts placed under its edge, by permitting the 
water of the dam to escape. Then, when the water rose, the 
boats which had been previously released from the caisson were 
made fast to it again near the top, and raising it permitted the 





* Procédés et Matéreaux de Construction, A. Debauve, p. 67, Vol. ii. 
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posts under it to be removed. The water was ounce more made 
to fall, and the caisson descended until it rested in the desired 
position. No trouble was experienced in thus handling with 
great ease a mass of which the weight exceeded 75,000 kilo- 
grammes. 7 


THE KENTUCKY AND INDIANA BRIDGE. 


At the bridge across the Ohio river at Louisville, the found- 
ations were put in by various methods, without much system or 
definite plan. The same method was not used at any two piers, 
and hardly any of the foundations were worthy of note. At pier 
No. 5 a coffer dam similar in principle to that used at Aulne was 
employed. 

A box, or bottomless caisson, was floated and settled into 
position. Sheet piling was driven to the rock on the outside of 
this box, and further protected by puddling placed against the 
sheet piles. 

The lower four feet of the bottomless caisson was composed 
of 12x 12-inch timbers, placed one on top the other and joined 
together by vertical bolts, while the top six feet was made of 
10x 10-inch timber, the outside being flush. Eighteen inches 
of gravel and three feet of slate were excavated at this found- 
ation. The coffer dam was a very satisfactory one after the pud- 
dling had been placed around it, but this was found to be re- 
quisite before any success could be had in draining the dam.* 


FLOATING CAISSONS. 


In designing a structure, which must be founded below the 
water-line, the methods which will have to be employed to con- 
struct the foundation should be always kept clearly in mind. It 
is not wise nor does it, in our opinion, represent good engineer- 
ing ability, to treat the designing of any particular class of work 
simply as an abstract problem, applying only scientific and cor- 
rect rules in determining the most economical cross-section and 
plan for the structure itself, and to neglect the consideration of 
the means by which such design must be constructed. A simple 


* Trans. Am. Soc. C. E., Vol. xvii. 
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truss span is of itself, generally, the most economical bridge 
which can be built across a stream; but often, by reason of the 
great expense necessary to erect the same, it is better to design 
in the first place the more complex and much more expensive 
span of the cantilever. In foundation work the same princi- 
ples apply even to a greater extent, for usually the cost of the 
substructure of any extensive construction is a large proportion 
of the whole. But even if the item of cost is considered as not 
of particular moment, that of facility and quickness of con- 
struction is, in our present practical and rapid life, often of 
material advantage. 

The principle of constructing a heavy structure upon a float- 
ing base, which simply by the action of gravity gradually sinks 
until the desired foundation is reached, is not a new one. In 
the earlier practice it was however confined almost entirely to 
open caissons made with a bottom of heavy timber and sides of 
plank like a scow; which was sunk by building the pier or other 
structure within it until the weight was sufficient to sink it upon 
piles or upon the natural foundation. On the introduction of 
compressed air, the caisson was modified so that below the first 
constructed base was introduced a working chamber, in which 
workmen could excavate while the floating structure above low- 
ered itself. In the many devices of this method of huge cylin- 
ders of iron, or large cribs of timber and concrete, many of the 
greatest structures of modern times have been founded. 

Excavating in compressed air, and particularly at considerable 
depths, is very expensive work, besides having more or less 
deleterious effects upon the men employed. . 

The invention of the Milroy excavator and the subsequent 
improvements of the same furnished a means by which in many 
cases compresed air could be dispensed with. The Milroy ex- 
cavator is simply a small dredging apparatus, which as improved 
by Messrs. Anderson & Barr, consists of a dredging bucket 
made by means of four arms, which opened out are four pointed 
spades, and when closed together form a semi-circular recepta- 
cle. The weight of the dredge presses the points into the ma- 
terial to be excavated, while the action of raising the dredge 
first pulls the four arms deeper while at the same time closing 
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them. But the great usefulness of these dredges is from their 
portability, simply suspending them on a stout chain swung 
from a derrick or any other raising appliance, being all that is 
necessary. 

In alluvial soiis, sand, or even in clay of considerable stiff- 
ness, caissons formed of either great cribs, such as those of the 
recently constructed Poughkeepsie bridge across the Hudson 
River, or of great iron cylinders like those of the foundations of 
the Hawkesbury bridge in Australia, may be sunk to depths 
hitherto unthought of, by dredging out the material beneath 
them with Milroy excavators, and without the use of compressed 
air. The descent of the caissons is uniform and the work of 
constructing the piers on top goes forward simultaneously with 
the settling of the foundation to its desired level of rock or 
other hard material. 

One of the marked features of modern engineering practice in 
the construction of submarine work, is in the employment of the 
open caisson wherever the conditions permit of its use. 

In founding ordinary structures such as bridge-piers in shal- 
low depths, which are to be placed upon piles, the cheap open 
box caisson affords a very efficient and economical method of 
attaining the desired result, and where it is practical it almost 
always is preferable to using a coffer dam about the foundation 
site, even if the head of water is but a few feet. 

The open floating ceisson is an extremely simple device, and 

has proved remarkably efficient for structures of considerable 
size and in depths of water of twenty feet or more. The mathe- 
matics of the open caisson are equally as simple as its construc- 
tion. 
_ The sides should be made of timber of sufficient strength to 
withstand the pressure of the water, while care should be taken 
that the caisson is of proper dimensions, so that during its sink- 
ing it will remain in sufficiently stable equilibrium as not to be 
in danger of overturning. 

If a vertical line drawn through the center of gravity, W, 
of the water displaced by the floating caisson intersects the ver- 
tical axis of equilibrium, A, B, above the center of gravity, G, 
of the caisson and its load, then it will be in stable equlibrium. 
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This point of intersection, M, is commonly called the metacen- 
ter of a floating body. If, however, the metacenter falls below 
the center of gravity of the caisson and its load, then it will 
upset. (See Figure 7; also Trautwine.) 





FIGURE 7. 


Lack of precaution in checking the above simple calculation 
has led to several accidents in sinking caissons, a notable one 
being the overturning of a large floating crib caisson used in 
constructing a bridge pier foundation at Portland, Oregon. 


CAISSON USED IN FOUNDING THE SEA WALL AT SAN FRANCISCO, 


The sea wall now being constructed at San Francisco at the 
foot of Market street, consists of a concrete wall eighteen feet 
high, twelve feet wide at the base and six feet on top. It is 
founded on piles and backed by a relieving platform founded 
also on piles, to which the wall is anchored at intervals of ten 
feet. (See Figure 8.) 


The original harbor mud was dredged out to a depth of about 
fifteen feet below the base of the wall, and this trench was filled 
with sand, before the foundation piles were driven. 


The specifications required that after all the piles were driven 
a subsection of the work should be coffer-dammed, the water 
pumped out and the piles cut off and capped, and the wall built 
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as shown in the plan, all concrete being kept free from contact 
with salt water for seven days. 

An attempt was made at constructing a coffer dam to enclose 
the first seventy-five feet of the wall. This coffer dam was not 
constructed on recognized principles or precedents for a work 
of such magnitude, and failed to be able to keep out the water. 

The author, at this stage of the work, was consulted by the 
contractors, and advised the abandonment of the coffer-dam 
method of constructing the wall, and substituting in place 
thereof that of sinking the wall by means of open floating cais- 
sons. After some little controversy permission from the Harbor 
Commissioners was obtained to use this system, on the contract- 
ors allowing a rebate to the State of some $5,000. 


The work is now successfully going forward by this method. 
The caissons being used in the work are shown clearly in the 
accompanying drawings (Fig. 8). The total length of the wall 
to be constructed is four hundred and fifty feet. The number 
of caissons being used is seven, six of seventy feet length and 
one of thirty-four feet. 

The depth of water in which they are sunk is from ten feet at 
low-water stage to seventeen feet at high water. 

The caisson is mace of a bottom of two courses of timber, one 
of twelve inches thickness and the other of eight inches, laid at 
right angles to one another, and bolted firmly to each other with 
three-quarter inch drift-bolts. The bottom course of twelve- 
inch timbers are also bolted to one another, with seven-eighth 
inch drift-bolts, which are made long enough to pass through 
three pieces. 

The sides of the caisson are made of four and three-inch plank 
well spiked to the uprights or studding pieces, which are placed 
two feet between centers for a height of nine feet, and four feet 
between centers for the remaining top seven feet. These sides 
were fastened to the bottom by means of one-inch iron rods, 
which are made with a loop at the lower end and which connect 
with iron hooks which project through the bottom. These hooks 
are made of 12 round iron, with a nut and heavy washer on their 
lower ends, which are let into the timbers so as to be flush with 
the bottom, Partly let into the edge of the bottom plank, all 




































































to 





tr 
Py 
a 
rt 



























































TPOSS SECTION ms SECTION THROUGH A-B. 
i 
} 
t 
| 
CAIS.SON Pas ———Ee 
YSED ‘Nn CONSTRUCTING TNE ss AS <= 3-———. 2 mits as fo EG 4) | | | fl A 7 
SER WALL 97 SAN-FRANCISCO. CAL f LY, 
reme — Be / poor N | 
© Freure 9 - ° fs ® q, 
| fry “ 7 S] 
4. —— 4h — —— 1K ee ara 4 > te 
| CI i) i} XS 
3% gor f \ 
4 ia y S| P | 
DETAIL-OF- CORNER of A i 
56” tence-Ih= lpoor “ J, | 
“UBER STHIP. aS -- j 
Ta" 32 a dears VAN | 
5 2 17 Ee ey Se ea ne Wes ey [= 
ai = 1@ a= ‘fe tb" 3" @ :@ > - “2 je [jw 
A | 
H 
i 


PLAN. 


56 Flunt on Coffer Dams and Floating Catssons. 


around the sides and ends of the caisson, is a piece of rubber 
one inch square, this rabber making the joint between the bot- 
tom of the caisson and its sides and ends. 

The ends of the caisson are made so as.to be able to separate 
them from the sides by simply withdrawing a few bolts which 
connect the two end posts together. A rubber strip is likewise 
used on the vertical seam between the ends and sides, as shown 
in the detail drawing. 

Excepting the joint between the bottom and sides, and the 
just mentioned vertical joint at the corners, all other seams are 
carefully caulked with oakum throughout the entire caisson. 


If the sides of this caisson were to be used but once, there 
is undoubtedly more material in them than needed, but they 
were designed to be used over and over again throughout the 
entire work. 


As the bottom of a new caission is built and floated into posi- 
tion, then the rods which hold the sides in place on the pre- 
viously sunk caisson are unhooked, and the entire sides and 
ends are lifted up by heavy blocks and tackle and swung over 
the new bottom. As the tide rises the bottom is carefully 
guided into its proper position until it joins itself to the sides; 
the rods are quickly looped over the hooks which have been pre- 
viously placed in exact position in the new bottom, and screwed 
tight. The screwing up of the rods of course tightens the sides 
against the rubber strip and makes a close joint. 

The moving of the sides of one caission on to the bottom of 
another is by no means the least interesting part of the work. 
They weigh about thirty tons, and the correct manipulating of 
them, to keep them from getting out of shape or distorted, so 
that each bottom will accurately fit in place, and make a close 
and tight piece of work with them, requires accurate workman- 
ship and extreme care. 

The sides of the seventy foot caissons Lave now been used in 
sinking four different caissons, and the last one showed no more 
leaking than the first one, which was practically nothing. 

The caissons have proved perfectly satisfactory, and no mis- 
haps with any serious consequences have occurred. 

The connections between two sections of the wall, after they 
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have been sunk in place, is made by placing a coffer dam on top 
of the timber bottoms, which are made to press tightly together 
against a strip of rubber between them, by guiding the sinking 
of one caisson so that it presses against the previously sunk 
bottom. 

The sides of these coffer dams rest ‘against another piece of 
rubber, which is let into the edge of a timber imbedded in the 
concrete near the ends of each piece of wall. 

A dovetail is left in the concrete wall at the ends, about two 
feet square; so that when two sections are joined together there 
will be no joint between them, and the wall is a continuous one 
from end to end. 

The grillage is drift bolted to the piles of the foundation, by 
first locating their exact position upon the bottom of the caisson, 
and partly driving the bolts at these points. Pieces of gas-pipe 
are then placed over the bolts and the concrete deposited around 

hem, until the caisson comes to a firm bearing upon the piles; 

then a steel rod is let down each piece of gas-pipe and the 
drift bolt is driven home into the pile. These pipes are then 
pulled out of the concrete and used again in the next caisson. 
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MINUTES OF MEETINGS. 
REGULAR MEETING. 


April 4, 1886. 


Meeting called to order at 8:15 p. m. by the President, Mr. 
John Richards. 


The minutes of the last regular meeting were read and 
approved. 


The following new members were declared elected: J. G. 
Pohlé, Adam E. Chodzko and P. M. Randall. 


The following propositions for membership were read: 


Adolph Lietz, proposed by H. C. Behr, Otto v. Geldern and 
H. Vischer. 


Wn. M. Fitzhugh, proposed by Hubert Vischer, Luther 
Wagoner and Otto v. Geldern. 


Joseph A, Sladky, proposed by H.C. Behr, John Richards 
and H. Kower. 


Donations to the Society: 


‘‘Annual Report of the Chief of Engineers, U.S. A.,” in four 
parts, by the Engineer Departinent. 


Mr. Luther Wagoner presented the S ciety with a number of 
valuable books and papers, and Mrs. Specht donated seven or 
eight year’s publications of several prominent European Tech- 
nical Societies. 
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‘‘ Festschrift zam hundertjaehrigen Jubilaeum der Bergaka- 
demie zu Freiberg,” presented by Otto v. Geldern. 


The Secretary was instructed to return the thanks of the 
Society. 


Mr. N. S. Keith then presented a statement, wherein he 
brought forth a claim of $300 for services as Secretary for the 
year 1889. Since the Finance Committee and the Board of 
Direction had returned the bill to him without taking any action 
upon it, Mr. Keith desired the Society to investigate the matter, 
and suggested the appointment of a committee to confer with 
him in this matter. Mr. Luther Wagoner moved that a com- 
mittee of three be appointed to confer with Mr. Keith, to take 
some action upon the bill, and that this action of the committee 
be final. Seconded and carried. 


The Chair then appointed Messrs. E. J. Molera, W. G. Ray- 
mond and G. W. Percy. 


A communication from the American Society of Civil Engi- 
neers was read as follows: 


New York, March 20th, 1890. 
Dear Sir: 


The following resolution has just been adopted at a meeting of the 
American Society of Civil Eugineers: : 


WHEREAS, a new and higher dam is to be constructed immediately below 
the Bear Valley Arch Dam of California, the boldest arch dam in the world, 
in such a manner that said arch dam will be gradually relieved of strain, by 
letting in water below it, which process may be repeated several times, if 
desired, with but small waste of water; and, WHEREAS, these conditions 
afford a unique opportunity, never likely to recur, for determining the elastic 
yielding of said dam under strain and the coéfficient of elasticity of masonry 
as to which there is at present very imperfect information. 

RESOLVED, that this Society request any of its members residing on the 
Pacific Coast, or any members of the Technical Society of the Pacific Coast 
able to do so, to make arrangements to cause minute observations to be 
made of the movements of the dam as strain may be gradually relieved or 
applied. 

ResOLveD, FURTHER, that the Secretary be requested to transmit a copy 
of the resolution to the Company owning the dam, with a request on behalf 
of the Society, that they will afford every facility to enable this unique 
opportunity to be properly availed of, and that they will iu default of 
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other engineers offering to do so, themselves cause observations to be made 
by some competent observer, and cause them to be transmitted to this Society 
for publication in its transactions. 


Your personal interest is particularly requested in this important matter, 
and you are earnestly asked to do what you can to secure, for future refer- 
ence, all practicable data as indicated in the resolution. 

Very respectfully, 


JOHN BOGART, 
Secretary Am. Soc. C. E. 


Prof. Soulé moved that a committee of five or more be 
appointed to make the necessary preparations for such precise 
measurements as suggested, and to co-operate with any other 
committee appointed for the purpose from other societies. 
Carried, | 


The Chair appointed the following members: 


Messrs. E. J. Molera, Frank Soulé, Luther Wagoner, Ross 
EK. Browne and L. M. Clement. 


The following gentlemen, not members, were added to the 
committee: 


Adolph Lietz and Jos. C. Sala, both mathematical instrument 
makers. 


Subsequently the name of John D. Isaacs, a member, was 
added to the list, making it a committee of eight. 


Mr. Keith moved that the gentlemen not members of the 
Society be invited through the Secretary to co-operate with the 
others. Carried. 


The Secretary was instructed to communicate with Messrs. 
Lietz and Sala. 


Mr. Randell Hunt then read his paper on ‘‘ Coffer Dams and 
Caissons”’ before the Society. 


A vote of thanks was given the author, and upon motion the 
discussion of the paper was postponed for a future meeting. 


Mr. Luther Wagoner explained some experiments made by 
stretching steel bars beyond their elastic limits, which causes a 
peculiar corrugated appearance of their surfaces. He called 
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the attention of the members to these markings, and stated that 
the experiments had been made some time ago by Lieutenant 
Gilmore, 0. S. Navy, at the Union Iron Works, and that some 
interesting paper was iu store for the Society. 


It was announced that one of the Directors, Mr. Hubert 
Vischer, was about to leave for the Sandwich Islands, and that 
he was deserving of some notice for his energetic labors in 
behalf of the Technical Society. 


Appreciation was acknowledged and a vote of thanks passed. 


Meeting adjourned. 


Orro von GELDERN, 


Secretary. 
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NAPIER’S DEFINITION OF A LOGARITHM AND ITS 
CONSEQUENCES. 


By PROFESSOR IRVING STRINGHAM, Mem. TrEcH. Soc. 


Read June 6, 1890. 


In order to put the student of mathematics early in posses- 
sion of the fundamental processes of the differential calculus it 
has been customary, especially in England and America, to 
bring him to his destination by a sort of hop, skip and jump. 
This is done by sacrificing logical thoroughness in the presenta- 
tion of fundamental principles. In France and Germany, 
however, this tendency is reversed and recent standard works, 
like those of Lipschitz,* Hoiiel + and Harnack,{ have broadened 
and deepened the foundations of the subject by a restatement 
and enlargement of the definition of number, and an elaborate 
treatment of the fundamental algoristic operations. This intro- 





* Grundlagen der Analysis. Bonn, 1877. 
t Cours de Calcul Infinitésimal, Paris, 1878. 
t Differential und Integral Rechnung. Leipzig, 1881. 
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duces necessarily what M. Camille Jordan § calls the fifth arith- 
metical process, the operation of replacing a variable quantity 
by its limit, nor can we establish the elementary laws of differ- 
entiation by the algoristic, or analytical method except by first 
establishing, with the help of this fifth process in arithmetic 
(whose legitimacy is assumed as axiomatic), the rules of opera- 
tion with exponential and logarithmic functions, including the 
binomial theorem for fractional and negative exponents, and 
hence involving the discussion of infinite series. 


It is possible, however, to present the question in geometrical 
form, and in this way, independently of the possibility of repre- 
senting the magnitudes involved, rationally or irrationally, in 
terms of number, to attach a tangible and legitimate meaning 
to the exponential function regarded as a strictly continuous 
magnitude in the geometrical sense, and thence to pass to the 
fundamental processes of differentiation for ordinary transcen- 
dental and all algebraic forms without resort to a discussion of 
infinite series. Such a method, as I here present it, returns to 
Newton’s point of view of the differential calculus, though not 
to his form of statement. Itin no way dispenses with the ne- 
cessity for the consideration of the generalized definition of num- 
ber and the development of the theory of so called continuous 
number, (algoristic continuity), as a basis for higher analytical 
discussions; but it enables us to postpone their introduction to 
a somewhat later period than is usual in the ordinary course of 
mathematical study. 


In what follows is presented a summary of the principles that 
lead directly from Napier’s geometrical definition of a logarithm 
to the fundamental laws of logarithmic differentiation, substan- 
tially in the form in which I have given them by lecture during 
the past year and a half to students at the University of Califor- 
nia, For the reason that I have never seen Napier’s original 
works I am unable to say at what point in the development of 
the theory Napier stopped and his successors began. The form 
and order of statement is my own; and these, the distinguishing 








§ Cours d Analyse de? Heole Poly'echnique. vol. iii, p. 554. 
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features of the method of presentation here given, will be most 
clearly brought out by reproducing the entire argument, involv- 
ing therefore the restatement of familiar propositions; but I 
shall endeavor to present them in as concise a form as possible. 


Napier’s DeFinrrion. * 


Suppose _P and Q to be two points moving in a straight line, 
the former with a velocity proportional to its distance from an 
assumed origin, the latter with a constant 


O BR Es 4 
Q 1) a Q” 
velocity. Let « represent the variable distance of P, y that of 
(), from the origin, and let 4 be the velocity of P when #—1, 
p. the constant velocity of Q. The velocities that P will have 
acquired, as it arrives at the positions P, P’, P” successively, 
are — 











A, #2 and «A respectively. 
The corresponding values of x and y are 

p= OF) peal PP eo” =1+-PP”, 

yal), UOC ie aC), 
() being supposed to pass the origin at the instant when P has 
advanced to the position corresponding to wl. Evidently 
the velocities of Pand Q, at any epoch, are known as soon as 
the values of 4 and » are given, and their relative velocity, or, 
more explicitly, the velocity of Q relatively to that of P, as soon 
as the ratio of » tou Ais given. Based upon the foregoing graph- 
ical representation, the fundamental definitions of the logarith- 
mic and exponential functions are as follows: 


p- : : ; 
GE) 7? @ given value of which, say m, determines a system of 


cCOTrespOndins cistances 2, 7,2, 3). and y,.y', y”, . nis 
called the modulus of the system 
(II.) y, y', y", . . . are called respectively the logarithms of 








* MacLaurin, 7’reatise of Fluxions, vol. i, chap. vi, p. 158; Montucla, 
Histoires des Mathematiques, t. ii, pp. 16-17, 97. 
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uv, x,a”, ... with reference to the modulus m; and the func- 
tional relation between y and x is represented by the equation 


coe PUL . 
y =log x . 


It is evident that the form of this function remains unchanged 
for all coresponding values of « and yso long as the modulus 
remains constant. 


(III.) The value of x that makes "log « = 1, in the system 
whose modulus is m, is called the base of the system. 


(IV.) Corresponding to every logarithmic function defined 
by the equation y = “log #, there is its inverse, called the expo- 
nential function by means of which z is represented as a function 
y. It is fully determined as soon as the base of the system is 
given. The exponential function to base b may be conveniently 
represented by 

by 


(V.) The logarithms whose modulus is unity are called nat- 
ural, sometimes Naperian,* logarithms and the corresponding 
base is called natural or Naperian base. In this paper e will 
represent natural base and /n will be used as an abbreviation for 
natural logarithm, or logarithm to modulus 1. 


DERIVATIVES OF THE LOGARITHMIC AND EXpoNENTIAL F'unoTIons. 
If we now take as a standard variable of reference, repre- 


senting time, we have at once for the velocities of P and Q re- 
spectively 


dx i dy ik 
ar 7 eee 
and dividing the second equation by the first, 
dy ul 
dx 2 x 





*It is well known that the numbers of Napier’s original tables are not 
these natural, or so-called Naperian logarithms. The relation between them 
is expressed by the formula 

Naperian log x = 10‘ In Au 
ax 


(See the Article on Napier by Glaisher in the Hncyclopedia Brittanica. ) 
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that is, d ("log x) m 
dx Sit 





at | 


the well known formula for the derivative of a logarithm. 


Reversing this, so as to express dy in terms of y, we have 


(since « = bY and y = “log x) 
re m 1 
dx =~ ("log #) =~ br dy, 


the formula for the differential of the exponential function b’. 
Rexations Between Base anp Moputus. 


The relations between base and modulus are obtained as fol- 


lows: Since d ln # = ae the primitive, or integral, of the equa- 


dx : 
tion d ("log «) =m < may be written in the form 


"10g i == bin 2, 


the arbitrary constant of integration being zero, in consequence 
of the relation ™log 1 = In 1 = 0. If in the last equation b 
be substituted for x, the value of m is obtained in the form 


Sota 
OT 


Hence in terms of the base of a system the logarithmic function is 


Z Ee ee 
LOR ena Re 


If to « the value e be given, m is obtained in the form 
(i= Oe, & 
whence passing to the corresponding inverse function 
| ns ae 
a relation that holds between the base and modulus of any 


system. 


“It must be shown, of course, that to find the variable velocity of a point 
moving ina straight line, is the same problem as that of finding the deriva- 
tive of the function that expresses the law of motion. 
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Returning to the equation 
In # 
eee in} 
if for x we substitute its exponential equivalent, the equation 
takes the form , 
inoe—— 1nd, 


and more generally, if each member be multiplied by any quan- 
tity n, then ; 
Blog b= 4 (Plog: 5), 
which is the law of metathesis (of exponent and coéfficient) for 
logarithms. 
From this we pass to the corresponding commutative law for 
exponents as follows: we have successively 
(ean Oy ln be a 
eereyin b == 2 In >) nee 
(bY) # = (0) 
Tue Apprrion THrorem and THE Law oF Exponents. 


The addition theorem for the logarithmic function follows 
very simply from its Naperian definition. Thus by means of the 
figure above described it is easily seen that 
O F oes p 
Q yf ()’ Q” 

yy == “log a sop ete 


Pil; 


ye Op Gee OO a toe kk 0) 


PPS Ereu ae. | | 
Ce aaa Dara 











-? 





yf” KBs y’ — ™log i + 





; ae 7, 
that is, "log x’’ —™log «’=="log ih ni 


In particular, since by definition “log 1=— 0, 


* This fundamental property of logarithms might be stated as a definition 
and taken as the starting point of the theory. We should then define the 
difference between any two distances traversed by the point Q as the loga- 
rithm of the ratio of the corresponding distances traversed by the point P. 
This wou'd include onr former definition of the logarithm. 
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es ™log mes 


and therefore, writing «x for aan 
Ogee op ae — “log (x’* 7): 
which is the addition thereon for logarithms. 


The corresponding equations in terms of base are derived 
from the foregoing as follows: If b be the base of the system, 
then 

eae a= Oy, 
OO Fe =e 


but "log (a eae) — "log x’ -|- "log a’? 
= y’ ~|- iy : 
"af af = b+" — Bb”, 


which is the fundamental law of exponents. 
Locaritumic DirrERENntTIATION. 


The foregoing properties of logarithms once established, the 
rule of logarithmic differentiation is thereby formulated, and 
with it also the rules for differentiating all exponential func- 
tions. Thus the general process of logarithmic differentiation is 
expressed by the formula 


ee uv) d aerate 


=f (#). 


and this rule, ee with the addition formula, applied to 
the general exponential function wu’, gives the result, 


d (u’) oreoy HE : dv 
Fo ae praae -Inu.7—; 





and in particular, if v be constant, say v = k, 
du* 
du 
Thus we have established the fundamental theorem for the 


differentiation of algebraic forms without reference to the binom- 
ial theorem or to infinite series, and the quantities involved in 


= ku * 
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the formula may be looked upon as continuous magnitudes in 
the geometrical sense. 


The definition which created the logarithm as an objective 
reality in mathematics, was published by Napier in 1614, more 
than half a century before the differential calculus was invented; 
but its author, though at the very threshold of a discovery 
greater than his own, and though he apparently had some inti- 
mation in his own mind of important consequences ahead, 
would doubtless have been astounded had he been told that he 
was laying the foundations of so lofty a superstructure as the 
differential calculus. 


ERRATA. 
Second asterisk (*) on page 66 refers to foot note on page 67. 


In last equation of page 66 for u read p. 
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FLOW OF WATER IN OPEN CHANNELS WITH 
TABLES BASED ON KUTTER’S FORMULA. 


By P. J. FLYNN, C. E., Mem. TECH. Soc. 


Presented July 9th, 1890, 





In a paper printed in the Transactions of the Technical So- 
ciety for February, 1885, I gave tables and explained how, by 
their use, the application of Kutter’s formula to the solution of 
problems relating to the flow of water in pipes and other closed 
channels could be simplified. 


The present paper is based on the same principles and is in- 
tended to facilitate and simplify the computations relating to 
open channels in a somewhat similar way to that explained in 
the former paper for closed channels. 


Kutter’s formula for feet measures is: 


1. 00281 
uy arg 00281 


a ee ee Ne rs.) x (1) 
1 +(41 (fay ee y y, az 


and putting the first factor on the right hand side of the equa- 
tion = c, we have: 
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Vit Xhosa ee ye) ek aE aT 2 
tel Mie 

WAS 5 eX (3) 
V 

C= Sepia di" ee : ; . : . : a (4) 

ae i: 

CX Vr= ie (5) 

ieee een xX 4/7 X 4/S See en GC) 

Oo Open OO >< a ee rl) 
yi Q 

a Mla (2) 

a= (9) 


In the formule and in what foliows: 


V = mean velocity in feet per second. 

@ = discharge in cubic feet per second. 

c == co-efficient of mean velocity. 

s' = fall of water surface h, in any distance J, divided by that 


distance 2o5 sine of slope. 


a == area in square feet of cross-section of channel. 

p = wetted perimeter in lineal feet of channel. 

r = hydraulic mean depth in feet — area of cross-section of 
channel in square feet a, divided by its wetted perimeter » in 
lineal feet = “% 

Pp 

n = the natural co-efficient, the value of which depends on the 
nature and condition of the bed of the channel over which the 
water flows, or in other words its degree of roughness. 


The tables give the separate values of the three factors on the 
night hand side of the equation 


Ves 
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Table 1 gives the value of a, 7, 1/7 and a 7/7 for different di- 
mensions of channel and with side slopes of 1 to 1. 

Tables 2, 3, 4 and 5 give the value of candcj/r for chan- 
nels having different values of 7. 


Table 6 gives the rate of slope and ;/s for several longitu- 
dinal slopes or grades of channel. 


By the substitution of these values in the formula already 
given problems relating to the velocity, discharge, dimensions 
and grade of channels can be solved with rapidity and accuracy. 


The utility of Kutter’s formula depends on the proper selec- 
tion of the value of x. I may here mention that an extensive 
and very useful table of the value of n is given as an addition to 
the translation of Kutter by Messrs. Hering and Trautwine. 
This table will be found of great assistance to those using Kut- 
ter’s formula, as it contains numerous examples of all values of 
m, and under various conditions of wetted surface, which will 
be found of great value in making a proper selection of the 
value of n. 


The value of n is herewith given as compiled from the latest 
information from Jackson and also from Hering and Trautwine: 


Canals in earth above the average in order and f p= 10005 
regimen— 

Canals and rivers in earth of tolerably uniform } 
cross-section, slope and direction, in moderately | 
good average order and regimen and free from pe 
stones and weeds— 


order and regimen-— 


Canals and rivers in earth,in rather bad order and 
regimen, having stones and weeds occasionally and 
obstructed by detritus— 


n = .0275 


J 
Canals and rivers in earth below the average mI 
n 03 


CHANNELS HAVING THE SAME VELOCITY, 


Other things being equal, channels having the same value of 
Vr will have the same velocity. For instance, in example 1 the 
channel has j/r = 1.482, and amean velocity of 2.75 feet per 
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second. Now all the channels in table 1, having j/r—1.482 will 
have the same velocity of 2.75 feet per second when s and n are 
the same. Thus: 


Bed 4 feet, depth 4.25 feet, yr —1.48 


woes «“ 4.00 ‘© ** == 1,486 
Gey i ORTh Chee ey 
eV 1 OTR 6 1481 
CC ageeee es 2.75 8 Secmeen dag 


For all practical purposes these five channels have the same 
velocity. 
EQUIVALENT DISCHARGING CHANNELS. 


Table 1 will be of use in finding equivalent discharging 
channels. Channels having the same or nearly the same value 


of /r and a, have the same discharging capacity. For instance, 
in example 1, a channel 12 feet wide and 3 feet deep has an 


area of 45 square feet, and j/7 — 1.482. An inspection of table 
1 will show some channels of a nearly equivalent discharge, thus: 


Bed 10 feet, depth 3.25 feet, 7/r = 1.498, a= 43 


cB are bile lO Thea ened Gg ed as 


Again, a depth or width being first fixed, the corresponding 
width or depth to give the required discharge can be found 
after a few trials. 

USE OF THE TABLES. 

Example 1.—To find the Mean Velocity of a Channel. 

What is the velocity of a channel having a bed width of 12 
feet, depth 3 feet and side slopes of 1 tol. Its grade is 5 feet 
per mile and its value of n — .0275? 

In table 1, under a bed width of 12 feet anda depth of 3 


feet, the value of 7/7 — 1.482. 


In table 4, under a value of n — .0275,and a slope of 1 in 
1000 (which is the nearest slope to 5 feet per mile) and opposite 


Vr = 1.4, we have 
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Vn = 1.4" ¢— 58.9 
PM S206 2 15% 


/r = 1.482, c = 60.4 


In table 6 the value of V/s corresponding to a slope of 5 feet 
per mile — .030773. 
Now substituting the values of c, 1/7 and Vs" just found in 
formula (2) we have: 
Vier xX 1s 
= 60.4 x 1.482 x .030773 
== 2.75 feet per second. 


As a check on this we have in table 4: 


Vr = 14 6p = 824 
S089 ae 4 10% 
«© 1,489 23 Ee 


Substitute the values of c7/;, and 7/, in formula (2) and 
we have: 
Ve cVYr X VE 
= 89.4 x .080773 
== 2.75 feet per second. 
Let us now compute the velocity by Kutter’s formula (1) 


ot 441.6 4. 200281 


v= = - 
‘ae ((4t6 + 0281) us 


Vr 








xX Vrs 








substituting the values of n, s and r, we have— 
esi 00281 
0275 ea .000947 


.OU281 Ae 
1+ (41.6 + Sone) X7= 
Computing this we find 
V = 2.75 feet per second. 








Wes % 1.482 x .030778 


* Obtained by interpolation between Vr —1.4and yr =1.5. 
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We thus see that the result by.the rapid method of the tables 
is the same as that given by the much longer computation by 
the use of Kutter’s formula. It will thus be seen what a great 
saving of time and labor can be gained by the use of the tables. 


Example 2.—To find the discharge of a channel. 

What is the discharge of a channel, 10 feet wide on the bot- 
tom, 2+ feet deep, with side slopes of 1 to 1, a grade of 6 feet 
per mile and a value of n = .0225? 

In table 1, under a bed width of 10 feet and opposite a depth 


of 24 feet, we find a — 31.25 sq. ft.—, 1/r = 1.353, and 
a Vr — 42.3. 


In table 2, with n = .0225 and under a slope of 1 in 1000, 
which is the nearest to 1 in 880 or 6 feet per mile, we get 


vr 13 = 
‘cs — ().053 C 


Vr =1.3538 c= 71. 


In table 6, the value of ;/s for 6 feet per mile = .03871, 
substituting the values of a,c, 1/7 and \/s in formula (6) we 
have— 

Q=axecXVr XVs ~ 
== 01.20 eid oee leno eee loll 
= 1145 cubic feet per second. 


Asa check on this substitute the values of c,a7/r and }/s 
in formula (7) and we have: 


Q=cX ayr Xs _ 
= 71.8 x 42.3 <s0aia1 
= 114.5 cubic feet per second. 

Example 3.—To find the grade of a channel. 

A channel has a bed width of 20 feet, a depth of 4 feet, side 
slopes of 1 to 1 and a value of n = .025. What grade must it have 
in order that its velocity may be 2.4 feet per second ? 

In table 1 we find that corresponding to a bed width of 20 
feet and a depth of 4 feet that 7/7 1.751. 
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In finding the slope of a channel it is necessary, first, to as- 
sume a value for the slope in order to obtain the value of c. 
Then a slope is computed. If this computed slope is so near the 
assumed slope that the value of c is the same for each of them, 
then the computed slope is the one required. If, however, the 
computed slope differs materially from the assumed slope, a 
new value of ¢ for this computed slope must be found and the 
required slope computed a second time. 

As a first approximation let us assume the slope to be 1 in 
1000 and in table 3, with n = .025, we find when 1/7 = 1.751 
that == 715 


Substituting the above value of ¢, 7/r and V in formula (3) 


= are 2a eee 


If we now look in table 6 we shall find that the nearest value 
of 7s to this is 1 in 2640, or 24 inches in a mile. 

The assumed slope of 1 in 1000 is not correct, but as the 
table shows the value of v for the two slopes differs so little 
that the result found is practically correct. If, however, the 
values of c differed materially then the new assumed slope 
would be taken in the column headed 1 in 2500 and the value 
of c found from this, and the new slope computed again. 


Now as a check on the above let us compute the velocity of 
* the given channel with a slope of 24 inches per mile. 


In table 6 the value of 1s corresponding to a slope of 24 
inches per mile — .019463. Let us now substitute the values of 


c, Yr and 7’s_ in formula (2) 


V=cxXyr X ys and we have 
Vi 71.5 X.1.751 & .019463 
— 2.44 feet per second— 
This velocity is greater than that required 2.4 feet per second 


and this is because the nearest value of 1/s in the tables to 
.01917 is .019463, which is substituted in formula (2) above. 
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Example 4.—To find the value of c and » of a channel. 


A channel is gauged and its perimeter is found equal to 
26.48 lineal feet and its area equal to 63 square feet. Its dis- 
charge is 101.5 cubic feet per second, and the slope of its 
water surface is equal to 22 inches per mile—find the value of c 
and n. 


= 1.61 feet per second— 





For a slope of 22 inches per mile ;/s = .018634. Substituting 
the values of V, 7/7 and j7/s_ in formula (4) 
Vv 


C= —= ——= and we have 
Vr X Vs 





1.61 E 
SRE 
A slope of 1 in 2500 is the nearest in the tables of n to 22 
inches per mile. Now look under the different values of n and 


under a slope of 1 in 2500 and opposite 1/7 — 1.55 and the 
value of ¢ that is nearest to 55.8 will be found under the re- 
quired value of n. In this case under a value of n = .03 and 
opposite 7/r = 1.5, we find the value of ¢ = 55.2, which is the 
nearest value in the tables to 55.8. Therefore the required 
value of ¢ = 50.8 and n = .03. 


Example 5.—A canal is to discharge 150 cubic feet per second, 
with a mean velocity of 24 feet per second. Its side slopes are 
1 to 1 and its value of n — .025. Its depth is not to be 
greater than one-fifth of the bed width. What must be its bed 
width and depth and grade ? 

Q 150 


Ce ae SER 60 square feet. 
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Now let us look in table 1 for a channel having an area of 60 
square feet and whose depth is not greater than one-fifth of the 
bottom width, and we find it under a bed width of 17 feet and a 


depth of three feet, and at the same time we find 1/r of this chan- 
nel — 1.534. We must first take a slope by trial for the value 
ofc. Weassume a slope of 1 in 2500 in table 3 where n —.025, 
and opposite 7/7 = 1.5 we find corresponding to 1/r — 1.5384, 
that c 67.5. 


Substituting the values of ¢, Vr and V in formula (3) 


vs Ox we have 
Pe 2.5 
HS Ferre ies ete 


The nearest slope to this given in table 6 is 3 feet per mile or 
1 in 1760, but the actual slope 1 in 1716 can be found in table 7 
of No. 84 of Van Nostrand’s Science Series by the writer. 


We therefore see that a channel 17 feet wide on bed, 3 feet 
deep, with side slopes of 1 to 1, and with a grade of 1 in 1716 
complies with the conditions of the problem. 


After the dimensions, &c., of the channel are fixed, it is advis- 
able, in order to take every precaution to obtain accuracy that, 
as a final check, the work should be computed by Kutter’s 
formula. 


These tables will be found useful for the solution of a variety 
of problems not herein given, and the tables of slopes in Nos. 
67 and 84 of Van Nostrand’s Science Series by the writer will be 
found of great assistance in their application. 
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TABLE 1. 
Channels having a Trapezoidal Section with side slopes of 1 to 1. 
Values of the factors a=area in square feet; 7 —hydraulic mean depth 
in feet, and also \/r and w/r for use in the formule:— 


Vi OO nye and Qe Xa Pr Kee 





p Brep WiptH | FOOT. 
Depth in 














feet. a r A/T CAT 
0.5 0.75 0.311 0.577 0.433 
0.75 rol 0.425 0.652 0.856 
1.0 2.00 0.522 0.723 1.45 
1,25 2.31 0.620 0.787 2.21 
2 3.75 0.715 0.846 ay, 


Bep WIDTH 2 FEET. 





0.5 1.25 0.366 .605 . 756 
0.75 2.06 0.500 707 1.46 
120 3.0 0.621 .788 2.36 
L225 4.06 0.734 856 3.48 
125 5.20 0.841 Oly 4.8 
1.75 6.56 0.942 OTL 6.4 
2.0 8. 1.045 1.022 ae 
Bio 9.56 1.143 1.069 10 
2.5 11.25 1,240 Lobi3 1205 
2.75 15.06 1.336 1.156 15.1 
3.0 15.0 1.431 1.196 Wee!) 
3.25 17.06 1.525 1.235 PATE 
3.5 1,20 1.618 e272 24.5 
3.79 21.56 1.708 1.305 23. ] 
4.00 24.00 1.803 1.342 Son 2 
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TABLE I. 
Channels having a Trapezoidal Section with side slopes of 1 to 1. 


Values of the factors a=area in square feet; 7 = hydraulic mean depth 
in feet, and also ,/r and aj/r for use in the formule :— 
Beene Saeed .G = oe aalr A738 


Bep WiptH 3 FEET. 



































Depth in = ao eee See: 
feet. a 1 A/) a Aft 
Wes: [eis 0.396 0.629 Pak 
URES 2.81 0.549 0.741 Yam | 
1.0 4.0 0.686 0.828 oat 
L265 os D! 0.812 0.901 4.8 
5 6.75 0.932 0.965 Go 
Lewes 8.31 1.045 1.022 8.) 
2.0 10.0 P15 1.075 10.8 
Das EL38} 1.261 Petes ae 
pea Isaip 1.365 1.168 1671 
Seek 15,31 1.466 Tela 19.1 
an 18.0 | 1.567 13252 woe ob 
3. 2D 20.31 1.666 1.290 26.2 
20D pale ES: 1.764 1.328 30.2 
* ee 5 7531 1.861 1.364 34.5 
4.0 28.00 1.956 1.398 39.1 
4.25 30.81 2.051 1.432 44.1 
45 Bont 2.146 1.465 49.4 
.0 40. Dip ta Bs a2) Glad 
Bep WIDTH 4 FEET. 
0.5 225 0.416 0.645 | eas 
Ver ess | 3.56 0.582 0.763 Pe, 
1.0 5. O02 foe 0.856 4.3 
peas 6.56 0.871 0.933 6.1 
ie S225 1.000 1.000 So 
| a fx 10.46 1.124 1.060 LOR 
2.0 ae 1.243 Voais 13.4 
22 2D 14.06 Le say 1.165 16.4 
oes 16.25 1.468 1721) 19.7 
Ds gis 18.56 12576 e255 Denes 
an 21. 1.682 1.297 ie 
aa 23.56 1.786 1.339 af es: 
ao 265.2: 1.889 eoio 36.1 
3.10 29.06 1.990 ie Ng 41.0 
4.0 Sys 2.09 1.446 46.3 
4.25 35.06 2.189 1.480 1.9 
4.5 38.25 Vedi te | a by 7.8 
5.0 45. 2.480 1.575 70.9 
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TABLE 1. 
Channels having a Trapezoidal Section with side slopes of 1 to 1. 
Values of the factors a= area in square feet; 7 = hydraulic mean depth 


in feet, and also./7 and a4/r for use in the formule:— 


Ve=exVr Xs and Q=c XaV/r Xs 





Bep WiIpTH 5 FEET. 


























Depth in 
feet. ni if Ne afr 
0.5 2.75 0.429 0.655 1.8 
0.75 4.31 0.607 0.779 3.4 
1.0 6. 0.766 0.875 5.2 
1.25 7.81 0.915 0.956 7.5 
1.5 9.75 1.054 1.027 10.0 
Lave 11.81 1.186 1.089 12.9 
2.0 14, Lasie ele ys 16.1 
2.25 16.31 1.436 1.198 119.5 
2.5 18.75 1.553 1.246 23.4 
a5 21.31 1.668 1.292 27.5 
3.0 24, 1.780 1.334 32.0 
3.25 26.81 1.889 1.374 36.8 
3.5 29.75 1.997 1.413 42.0 
3.75 $2.81 2.103 1.450 47.6 
4. 36. 2.207 1.486 53.5 
4.5 42.72 2.412 125337 65.5 
5. 50.0 2.612 1.616 80.8 
6. 66. 3.004 bs 114.4 











Bep WIDTH 6 FEET. 











0.5 3.25 0.438 0.662 2.15 
0.75 5.06 0.623 0.781 3.95 
1.0 1p 0.793 0.891 | 6.2 
1.25 9.06 0.950 0.975 8.8 
1.5 11.25 “) E2098 | 1.048 | 11.8 
1.75 13.56 1.238 1,113 15.1 
2.0 16. 1.373 | 172 18.8 
2.25 18.56 1.502 | 1.226 | 99.8 
2.5 21.25 1.626 / 1.275 el 
2.75 24.06 1.747 / 1,321 S1-8 
30 fe 1.864 1.365 36.9 
3.25 30.06 1.979 1.407 42.3 
3.5 33.25 2.091 1.446 48.1 
3.75 36.56 2.201 1.483 54.2 
4.0 40. 2.311 1.520 60.8 
4.5 47.25 2.523 1.589 75.1 
5.0 55. 2.731 1.653 90.9 
6.0 72. 3.134 1.770 127.4 
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TABLE 1. 


Channels having a Trapezoidal Section with side slopes of 1 to 1. 


83. 


Values of the factors a=area in square feet; 7 = hydraulic mean depth 


in feet, and also fr and a /r for use in the formule :— 


Vet xXV/r XJ/s and Q=cX% a/r X/s- 














Brep WIDTH 7 FEET. 

















Depth in Soe LRN y : 
feet a is A/T aA/? 
0.5 3.75 0.446 0.667 2.50 
0.75 5.81 0.637 0.798 4.64 
0 8.00 0.814 0.902 dows 
1.25 10.31 0.979 0.989 1022 
1.5 12.75 1.134 1.065 13.6 
Te Foye 4 | 1,251 1,132 lf.3 
2.0 18.00 1.422 T1902 eo 
PAO aS 20.81 1.560 1.249 26.0 
Bie 23.75 1.688 1.300 30.9 
2.75 26.81 Lsa1o 1.347 36.1 
3.0 30.00 1.938 1.392 41.8 
By Brae | Dao], 1.434 140 
ona 36.75 2.169 1.473 54.1 
3.75 40.31 2.290 Inol3 61.0 
4, 44.00 2.403 1.550 68.2 
4, S175 2.026 1.619 83.8 
5. 60. 2.838 1.684 101.0 
6. 78. 3.254 1.804 140.7 

Bep WiptTH 8 FEET. 
0.5 4.25 0.451 0.672 2.85 
0.75 6.56 0.648 0.805 5.28 
0 9: 0.831 0.911 8.20 
1,25 11.56 1.002 1.000 11.6 
1.5 14,25, 1.164 1.079 15.4 
1.7 17.06 1.318 1.152 19.7 
vag 205 1.464 1.210 24.2 
2s 23.06 1.606 1.267 29:32 
2.5 26.25 i742 1.320 34.7 
2.75 29.56 1.873 1.368 40.4 
3.0 Son 2.002 1.415 46.7 
Selo 35.56 2.069 1.439 alae 
3.5 40.25 2.269 1.506 60.6 
3.79 44.06 2.368 1.539 67.8 
4, 48. 2.486 L.o77 10.7 
4.5 56.25 2.714 1.647 92.6 
D's 65. 2.936 Ale: Lika 
6a 84. 3. 364 1.834 154.1 
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TABLE 1. 
Channels having a Trapezoidal Section with side slopes of 1 to 1. 


Values of the factors a= area in square feet; r= hydraulic mean depth 
in feet, and also \/r and a 4/7 for use in the formule:— 


Voecex/r X V/s andQ@=cxX avr X Vs— 























Brep WipTH 9 FEET. 

CTS Gly S100 Ue ee ee ne a Riteeeree ied =. en eee 
feet. a ’ Sr GST. 
0 10. 0.845 0.919 9719 
1,25 12781 1.022 1.011 13.0 
1.5 15,75 1.189 1.090 Whe? 
1.75 18.81 1.349 late 218s 
2.0 yl 1.501 1225 27.0 
2.25 Doe) 1.650 1.284 32.5 
2.5 28.75 1.789 1.330 38.2 
2:75 32.31 15927 1.388 44.8 
3.0 36.00 2.059 1.435 es 
3.25 39.81 27189 ‘1,479 58.9 
3.5 43.75 oeole 1.521 66.5 
3.79 47.81 2.439 1.562 74.7 
4.0 52.00 2.560 1.600 83.2 
4.5 60.75 2.700 1.672 101.6 
5.0 70. 3.025 1.739 IQ 
6.0 90. 3.466 1.862 167.6 

















Bep WiptH 10 FEET. 








1.0 11.0 0.858 0.926 10.2 
1.25 14.06 1.039 1.019 14.3 
Lied bia 2D AP al 1.100 19.0 
My 5) 20.56 1.375 1.178 24.1 
Pa 24. 1.533 1.238 Pat Nee 
2.25 27.56 1.684 1,290 30.6 
De 31,25 1.831 1.3538 42.3 
20 39.06 8 9 1.404 49.2 
3.0 39. 2110 1.452 56.6 
3.25 43.06 2.244 1.498 64.5 
3.5 47.25 2.375 1.541 12,8 
3.75 51.56 2.502 LO 81.6 
4.0 56. 2.625 1.621 90.8 
4.5 65.25 piel | 1.694 110.5 
5.0 75. 3.107 1.763 132.2 
6.0 30; 3.560 1.887 181.2 
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STABLE 1: 
Channels having a Trapezoidal Section with side slopes of 1 to 1. 
Values of the factors a= area in square feet; r = hydraulic mean depth 
in feet, and also \/r and a \/r for use in the formule:— 


Vecex Vr X Vs andQ@=cX avr X Vs 





| BED WiptH 11] FEET. 











Depth in 
feet. a 7 /r a /r 
1 12. 0.868 0.932 bie 
125 fozoh 1.0538 1.026 1537 
tea 18.75 Tecou 1.109 20.8 
yes PA ie 1 | 1.399 Wiss 26.4 
2 26. 1.561 1.249 PARES, 
Tans 29.81 PETE Lok 39.1 
Deo 33.75 1.868 1.367 46.1] 
2210 3/8) a ew Ua 1.419 9 3a 
3 42.0 2.156 1.466 61.6 
oe 46.3] 2.298 Pols LO—1 
on 50.75 2.428 5558 79.1 
3.75 ea | 2.561 1.600 88.5 
4 60. 2.688 1.640 98 . 4 
Ae 5 69.75 2.940 1.715 119.6 
5 80. Pia as ee 1.784 142.7 
6 102.00 3.647 1.910 194.8 
Bep WipTH 12 FEET. 
is 13: 0.877 0.936 Lela: 
tO 16.56 1.066 1.032 Lin 
es 20.25 1.246 1.116 Dae 
1.75 24.06 1.420 i, 192 Bey 
a8 28. 1.586 1.259 35.3 
awe 32.06 1.746 PRPs! 42.4 
pa 0 36. 25 1.901 Peas 9 50.0 
Zero 40.56 pm SY | 1.432 58.1] 
3. 45. 2.197 1.482 66.7 
Bead 49.56 2.339 1.529 75.8 
ou 54.25 2.477 1.574 85.4 
3.75 59.06 . Ol2 1.616 95.4 
4 64. 2.745 1.657 106.0 
4.5 74, 25 3.003 eh 128.7 
5 85. Dace 1.803 15373 
6 108. 3.728 1.931 208 . 6 








| 
| 
| 
| 
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TABLE 1. 
Channels having a Trapezoidal Section with side slopes of 1 to 1. 


Values of the factors a = area in square feet; r = hydraulic mean depth 
in feet, and also \/7 and a ./r for use in the formule:— 


Ve=ex vr xX Ys andQ@=c xX avr X V/s 


























‘ Bep WiptH 13 FEET. 
Depth in 
feet. Ff r JSP ar/r 
1 To: 0.821 0.906 Lies 
Te 17.81 1.077 1.038 1820 
1.5 a ey is 1.262 1.123 24.4 
eney 25761 1.439 1.200 31.0 
2 30. 1.608 1.268 38.0 
20 otal 1.774 133383 AD 7 
25 weet 1.931 1.382 53.6 
ve TS 43.31 2.085 1.444 62.5 
3 48. Dae 1.493 Tiley 
3 25 52 SI 2.380 1,543 5h.0 
ou Nie 2 O27 1.554 89.7 
3.1/0 62.81 2.661 1.631 102.4 
4 68. 2 197 1.672 113.7 
4 Fe wae 3 Upl 1.746 1S ia 
5 90.0 3.316 1.821 163.9 
6 114.0 3.804 1.950 222.8 
Bep WiptH 14 FEET. 
1 Ld: 0.891 0.944 14.2 
25 19.06 1.087 1.043 19.9 
ep 25.20 Lie 1.129 fda eee 
1.75 27.56 1.454 1.206 sone 
2 BZ) 1.628 1,276 40.8 
2 O85 36.56 1.795 1.340 49.0 
Reo 4125 1.958 1.398 Oak 
Dg 46.06 DO ies 1.454 67.0 
3 ays 2 205 1.506 76.8 
3:25 56. 06 Yaar ele! 1.555 OMae 
3.D 61.25 2.563 1.601 98. ] 
3:40 66.56 2.709 1.646 | 109.6 
4 TZ 2.845 1.687 1BIe5 
4.5 eae BoLto 1.765 146.9 
4 95. 3.316 1.810 171.9 
6 120. 3. 1.968 236-2 
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TABLE 1. 
Channels having a Trapezoidal Section with side slopes of I to 1. 
Values of the factors a= area in square feet; r = hydraulic mean depth 
in feet, and also \/r and a \/r for use in the formule:— 


VeeX Vr X Vs and Q@ =e KX ar X VS 








, Bep WiptH 15 FEET. 
Depthy 21 eee pee gant SO tt 





























feet. a r Sr ar/r- 
ie 16. 0.897 0.947 lacZ 
ays ys 12 1.096 1.047 Glss 
ja 24.75 1.286 Poised OS k 
Lea 5, 29.31 1.469 ae a 35.5 
Yee 34. 1.646 | 1.283 ane 
2 28 38.81 1.818 1.348 Hes 
Dae 43.75 1.982 1.408 } 61.6 
DAE 25, 48.81 2.144 1.464. Vg 35) 
on 54. > 25300 1.516 $1.9 
eet) 59.31 | 2.452 1.566 92.9 
320 64.75 2.601 1.612 104. 4 
ele 10.51 2.746 1.657 116.5 
4.0 VA ay, 2.888 1.700 129.2 
4.5 87.70 3.165 1.779 156.1 
De 100. 4.431 1.852 18522 
6. 126. 3.941 1.985 250.1 
Bep Wipta 16 FEET. 
Le 17. 0.903 0.950 16.1 
1225 21.56 1.104 1.051 22:6 
135 26.25 L297 1.139 29.9 
Tyy5 31.06 1.482 I 2t7 37.8 
2 36. 1.662 1.289 46.4 
Bey 41.06 1.838) 1354 55.6 
2,5 46.25 2.005 1.416 65.5 
yaar aheoG 2.168 1 472 75.9 
a ay 2.325 1.526 87.0 
oe 62.56 2.484 1.576 98.6 
auo 68.25 2.635 kk. 623 110.8 
3.75 74.06 DOO. 1.668 [23R0 
4, 80. 2.929 Peel 136.9 
4.5 97.25 Oo 2 1.792 165.3 
St 105. 3.484 1.866 195.9 
6. La. 4.004 2.001 264.1 
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TABLE 1. 
Channels having a Trapezoidal Section with side slopes of | to 1. 
Values of the factors a =area in square feet; 7 == hydraulic mean depth 


in feet, and also \/7 and a 4/* for use in the formule:— 


V=eX Vr X S/sandQ=cxavV/r X V/s 








Brep WIDTH 17 FEET. 





Depth in 





























feet. a ‘e ST an re 
] 18. 0.908 0.953 172 
1h DAS DP tell Leal 1.052 24.0 
ae, pak TES 1.306 Ih, Web auth 27) 
pes 32.51 1.495 e222 40.1 
2 38. 1.677 1.295 49 2 
2205 43°31 1,853 1.361 58.9 
2.5 48.75 2.025 1.423 69.4 
22 ha 54.3 2.193 1.481 80.4 
3 60. 2 tines 1.534 O20 
Oi 65.81] QRS ' 12585 104.3 
320 ri ey ss) 2.667 1.633 LiyaZ 
= pe i peel 2.819 1.679 130.6 
4 84. 2.967 L722 144.6 
4b I 96.75 3.2595 1.804 Wie 
5 110.0 33, Ree 1.880 206.8 
6 138.0 4.062 2.015 27321 
Bep WiptTH 18 FEET. 
0 19. 0.912 0.955 18.1 
1225 24.06 LeLly, TROD PAS 78h 
ino 29.25 Doles Leis], ons) 
lap 34.56 1.506 1 227 42.4 
2a () 40. 1.691 1.300 52.0 
O25 45.56 1.870 1.367 62.3 
2.0 51,25 2.044 1.430 Fe Ba 
DD 57.06 2 213 1.487 84.8 
ae ae F379 1.542 97.1 
oe 69.06 ei | 1,594 TiOml 
3.5 19.25 2.697 1.642 12326 
oor 81.56 DSO 1.688 Lae, 
4. 88. 3.002 ifyoe L525 
4. 101.25 3.296 1.810 183.8 
5). IES. 3.5/8 1.891 aaa 
6. 144, FW Ts be 2.029 000) 
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TABLE 1. 
Channels having a Trapezoidal Section with side slopes of 1 to 1. 
Values of the factors a = area in square feet; + = hydraulic mean depth 
in feet, and also \/7 and a 4/c for use in the formule :— 


V=eX% Vr X Vs and Q=c X avr X Vs 





























Bep WiptH 19 FEET. 

Depth in peers eb - meet a 
feet. a r WA a Sr 
ihe 20. 0.876 9.936 18.7 
1.25 25.31 12123 PROGU 9 26.58 
1.5 30.75 ieo2a 1.150 35.4 
Leis 36.31 1.516 1.231 44.7 
pe 42.00 1.703 1.305 54.8 
2.29 47.81 1.886 1.373 65.6 
275 53.75 2.062 1.436 Fig e: 
2. 7a 59.81 2.234 1.494 89.4 
3. 66. 2.401 1550 102.3 
3.25 Pout 2.565 1.601 115.8 
3.5 78.75 2 125 1.651 130.0 
3.79 88.31 2.882 1.700 150.1 
4. 92. 3.035 1.742 160.3 
4.5 105.75 3.300 1.825 193.0 
5. 120. 3.621 1.903 228.4 
6. 150. 4.170 2.042 306.3 

Brep WiptH 20 FEET. 
ie DANG 0.920 0.959 20.1 
1.25 26.56 EviZ9 1.063 paste: 
Lp 32.25 1.330 F153 a7 .2 
ye 35. 06 1.525 devoo 47.0 
Da 44, 1.715 1.309 57.6 
a 50.06 1.898 L3i7 68.9 
2.5 56.25 2,078 1.442 81.1 
2.75 62.56 Zoe 1.501 93.9 
a: 69. a Ds 1.556 107.4 
o.20 75.56 2.589 1.609 121.6 
3.5 82.25 Zupol 1.659 136.5 
3.70 89.06 2.998 17731 154,2 
4. 96. 3.066 bavi 168.1 
4.5 110,25 3.369 1.835 202 a 
0, 125; 3.661 ols Za07 | 
6 | 156. 4,220 2.054 320.4 
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Flynn on Kutter’s Formula. 


TABLE 2. 


Based on Kutter’s formule with rn = .0225 


Values of the factors c and ¢ \/r for use in the formule :— 


ee) 


bo 


m vw 








1 in 20000 








0.264 feet per mile. 








lin 15840 





0.3333 feet per mile. 








Vea ae en OX A/S == 0 4 


1 in 10000 




















00005 s = .000063131 s = .0001 
CSf/r ( C4/r- c CA/r- 
10.1 28.5 Lien 30% 12.2 
16.5 34.2 Vee 36.3 1g72 
22.9 39.4 23.6 41.6 25.0 
30.1 44.2 31.0 46.4 32.5 
38.0 48.7 38.9 50.7 40.6 
46.5 52.8 47.6 54.8 49.3 
B57 56.7 5627 58.5 58.5 
65.3 60.3 66.3 61.9 68.1 
75.6 63.7 76.0 65.1 78.1 
86.1 66.9 87.0 68.1 88.5 
97.0 69.9 97.8 70.8 99.1 
108.5 (oat 109.1 73.4 110.1 
120.2 75.4 120.6 75.9 191 
hea Cs 132.4 78.1 132.8 
144.4 80.2 144.4 80.3 144.5 
156.9 82.5 | 156.7 §2.3 156.4 
169.8 84.6 | 169.2 84.2 168.4 
182.9 86.7 | 182.0 86.0 180.6 
196.0 88.6 194.9 87.7 192.9 
209.5 90.4 | 208.0 39.3 205.4 
993 9 92.2 221.2 90.8 217.9% 


























0.528 feet per mile. 
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SG) oI gee 


Based on Kutter’s formule with n — .0225 





Values of the factors c and ¢ \/r for use in the formule: 


y= CASTS SNC Ke Sr X f/s = c Jr xX nee 










































































1 in 7500 | 1 in 5000 1 mm. 3333.3 
Vr 070d feee per ates | Pilcce apermiis: 1.584 feet oe mile. 

in | 5 = .000133333 eRe Fi) aN o008 
feet. Sh | ue Le 

iy CA/e | Cc CAST C Cx/r 

ea) aia “12.6 | 33.0 | 13.2 ‘ 34.0 13.6 
iD 37.9 1347 | 38.9 19.4 39.9 20.0 
6 42.7 2520-4) 44.1 26.5 45.2 Dyes k 
ae. 47.5 3010 48.9 34.2 49.8 34.9 
8 51.8 41.4 Dost 42.5 54.2 43.4 
9 55.8 50.2 | 06.9 53 Ene ares) 52.0 
59.4 59.4 60.5 60.5 G12 Oleg 
] 62.7 69.0 | 63.7 70.1 64.4 70.8 
2 65.8 79.0 | 66.6 79.9 67.2 80.6 
3 68.7 89.3 | 69.3 Sint 69.8 90.7 
4 ra Ws 99.8 | 71.9 100.7 [2.0 101.2 
5 73.8 110.7 | 74.2 111.3 74.5 LT38 
6 7Oe1 12138 76.4 122 Me 76.6 122.6 
ri 1Se0 133.1] 78.4 133.3 78.5 133820 
8 80.3 144.5 $0.3 144.5 80.2 144.4 
9 82.1 156.2 82.1 156.0 BLE9 155.6 
0 83.7 168.0 83.7 167.4 83.5 167.0 
1 85.3 179.8 85.3 179. 1 85.0 178.5 
2 86.8 191.8 86.8 191.0 86.4 19073 
3 88.1 204.2 88.1 202.6 Bias 201.7 








)s 
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Based on Kutter’s formule with rn — 


flynn on Kutter's Formula. 


TABLE 2. 


.0225 


Values of the factors ¢ and c ,/r for use in the formule :— 


Vite Gare weer Ae Xx 4/8 22 6 4/r a 





— 
to 


a) 
“I 


19 


| 

















1 in 2500 





~J 


6) 





| 2.112 feet per mile. 





— 
vs 
CO 


ho 
ee, 
wa) 


jor) 
_ 
—7j 


~J 
— 
bo 


101.5 








1 in 1666.7 








3.168 feet per mile. 























s= .0006 

( OAZra 
35 2 re) 
41.1 20.8 
46.3 28.1 
51.0 36.1 
55.1 44.4 
58.8 53.3 
62.1 62.1 
65.1 7a 
67.9 S157 
70.4 | 91.8 
72 Oo 
74.8 | 112.5 
76.8 123.0 
78.6 133.8 
80.3 144.5 
81.9 155.6 
83.4 166.8 
84.7 wey 
86.0 188.8 
87.3 200.3 
88.4 | OL ry 








1 in 1000 











5.28 feet per mile. 

















3 =, 001 
c CST 
35.7 “14.3 
41.7 20.8 
46.9 28.1 
51.5 36.1 
55.5 44.4 
59.2 53.3 
62.5 62.5 
65.4 719 
68.1 Shey 
70.6 91.8 
72.9 102.1 
75.0 112.5 
76.9 123.0 
S27 133.8 
80.3 144.5 
81.9 155.6 
83.3 166.6 
84.6 EP 
85.8 188.8 
87.1 200.3 
BS 5 alla er ee 
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TABLE 3. 


Based on Kutter’s formuls with n — .025. 


93 


Values of the factors c and ¢ ,/r for use in the formule :— 


V ==G@y7rs =O@X 6/7 X V/s =eVr X V/s 





Nw 


ine) 





1 in 20000 


0.264 feet per mile. 








s == .00005 


1 in 15840 


0.3333 feet per mile. 








s = .000063131 




















| c C/r- ¢ CA/r_ 
93.9 | 9.6 ae 9.94 
28.9 14.4 29.9 14.90 
33.5 20.1 34.6 20.6 
37.9 26.5 38.9 97.2 
42.0 33.6 43.0 34.4 
45.8 41.2 46.7 AeA 
49.4 49.4 50.3 50.3 
52.8 58.1 53.6 59.0 
56.0 67.3 56.8 68.1 
59.9 77.9 59.7 77.6 
62.0 86.8 62.5 87.5 
64.7 97.1 65.1 97.7 
67.3 107.7 67.6 108.2 
69.8 118.7 70.0 118.9 
72.2 129.9 72.2 130.0 
74.4 141.4 74.3 141.2 
76.6 153.2 76.4 152.7 
78.7 165.2 78.3 164.14 
80.6 177.4 80.1 176.13 
82.5 189.8 81.9 188.4 
84.3 202.4 83.6 200.10 









































1 in 10000 











0.528feet per second. 


























s == 2.0001 
c | C/r- 
2650.0 | 10.6 
ole veel 15.9 
36.4 | VAN is 
40.7 | 28.5 
44.7 30.5 
48 .4 43.6 
1.8 51.8 
50.0 65.0 
58.0 69.6 
60.7 78.9 
63.3 88.6 
65.8 98.7 
68.0 108.8 
TUxe 119.3 
i fp eae 130.0 
74.1 140.8 
76.0 152.0 
Rigo 163.2 
79.3 174.5 
80.9 186.1 
$2.4 197.8 
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TABLE 3. 


Based on Kutter’s formule with n — .025. 


Flynn on Kutter’s Formuta. 


Values of the factors c and ¢ \/7 for use in the formule :— 


y= CASTS =O Xk Sr X v4 fe C/r X ve 





1 in 7500 
































JT 0.704 feet per mile. 
In | s = .000133333 
feet. | at 

| P Par 

aa 21.9 “11.0 
bilo Sag 16.4 

6 | 37.4 22 4 
fi 41.6 243 pal 
S 45.6 36.5 
9 49.2 44.3 

1.0 92.6 52.6 
bel 59.7 61.3 
Aen 98.9 70.2 
1.3 61.2 79.6 
1.4 63.7 oh hay 
1.5 66.1 99.2 
6 68 .2 109] 
Ley 70.3 119.5 
1.8 Poe 130.0 
Ben) 74.1 140.8 
2.0 75.8 151.6 
Zul Toa 162.5 
Ded 79.0 173.8 
2338 80.4 184.9 
2.40 81.8 196.3 

















1 in 5000 


1.056 feet per mile. 














Lin 3333.3 





1.584 feet per mile. 















































s= 0002 s = .0003 
| 
c C/T c | CA/r- 
98.6 11.4 39:50) = ike 
33.9 17.0 34.8 17.4 
38.6 23.2 39.5 | 93.7 
42.9 30.0 13.8 oy BOTT 
46.8 37.4 A762) Gal 
50.3 45.3 51.1 46.0 
53.6 53.6 54.3 54.3 
56.6 | 62.3 57.2 62.9 
59.3 71.2 59.9 71.9 
61.9 80.5 62.3 81.0 
64.3 90.0 64.6 90.4 
66.5 99.8 66.7 | 100.1 
68.5 109.6 68.7 109.9 
70.4 119.7 7b oe, Te 
72:3 130.1 72.3 130.1 
73.9 140.4 73.9 140.4 
75.6 151.2 75.4 150.8 
eal 161.9 76.8 161.3 
73.5 172.7 78.1 171.8 
79.8 183.5 79.4 182.6 
S1.] 194.6 50.6 4 193.4 





Flynn on Kutter's Formula. 


TABLE 3. 


Based on Kutter’s formule with n — .025. 


Values of the factors ¢ and c ,/7 for use in the formule :— 


Va ee ae XT) KA 8 = 0 A/F XM 8 - 


95 


























1. in 2500 
So oleh M2 11D teaser males 
in |e geet ObOd Ie 
feet. is 
C GALE 
4s | RB0 a te 
5 35.3 WL 
6 40.0 24.0 
Zi 44.2 30.9 
8 48.0 38.4 
9 51.5 46.4 
1.0 54.6 54.6 
| ea d7 5 63.3 
hp | 60.1 (PRE 
1.3 | 62.6 81.4 
1.4 64.8 90.7 
1.5 66.9 100.4 
1.6 68.8 ae 
ie 70.6 120.0 
1.8 72.8 130.1 
io 73.8 140.2 
2.0 75.3 150.6 
2.1 7Omy 161.1 
2.9 78.0 171.6 
2.3 (One 182.2 
2 80.4 193.0 














1 in 1666.7 





3.168 feet per mile. 








s = .0006 

€ C4/r 

30.5 P32 
39.8 Vina: 
40.5 24.3 
44.7 ol.3 
48.5 38.8 
51.9 46.7 
55.0 55.0 
57.9 63.7 
60.4 72.5 
62.8 81.6 
65.0 91.0 
67.0 100.5 





63.9 | 110.2 
70.6 120.0 
72.38 130.1 
73.8 140.2 
75.2 150.4 
76.5 160.7 
ree 171.2 
7oloe 181.7 
so.1 | 192.2 





1 in 1000 





5.28feet per mile. 
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Flynn on Kutter’s Formula. 


TABLE 4. 


Based on Kutter’s formule with n — .0275. 


Values of the factors ¢ and ¢ ,/r for use in the formule :— 


V NC eae rn XA 8 =. 4/P GA 





bo 


w 








0.264 feet per mile. 








1 in 20000 





ee) 


on 


bo 

















7.9 


=~ 


St 


to 














1 in 15840 


| 0.3333 feet per mile. 


s == .000063131 


1 in 10000 








c Cy Fe 
22.0 8.8 
26.5 13,2 
30.7 18.4 
34.7 24.3 
38.4 30.7 
41.9 37.7 
45.1 45.1 
48.2 53.0 
51.1 61.3 
53.9 70.0 
56.5 79.0 
58.9 88.4 
61.3 98.0 
63.5 108.0 
65.6 118.1 
67.6 128.5 
69.1 138.1 
71.4 150.0 
ae 161.0 
74.9 1722 
76.5 183.6 




















0.528 feet per mile. 





i=. 0001 

Cc C/T 
23.4 R 9.4 
28.0 14.0 
32.3 19.4 
36.3 25.4 
3929 alee 
43.3 39.0 
46.5 46.5 
49.4 o4.4 
52.2 62.6 
54.8 rie 
57.2 80.1 
99.9 89.3 
O17 98.7 
63.7 108.3 
65.6 Lise? 
67.5 128.2 
OF a 138.4 
10.9 148.8 
72.4 159.4 
73.9 170.1 
1D 4) 180 9 








Flynn on Kutter’s Formula. 


TABLE 4. 


Based on Kutter’s formule with x == .0275. 


Values of the factors ¢ and ¢« \/7 for use in the formule :— 


Vee er AP x 6/8 = 6 4/r XK 9/8. 





6 


Si 








1 in 7500 


0.704 feet per mile. 























1 in 5000 


[Mii bood, o 











1.056 feet per mile. 























1.584 feet per mile. 

































































s = .000133333 s = .0002 s = .0003 
c CSr- c Carty ( ca/r 
i Pee | i a oa ae, ob). 28.9 10.4 
28.9 14.4 29.9 15.0 30.7 15.4 
33.2 19.9 | 34.2 20.5 35.0 21.0 
37.1 26.0 | 38.1 26.7 38.9 27.2 
40.7 32.6 | 41.7 33.4 49.4 33.9 
44.1 39.7 45.0 40.5 45.7 41.1 
47.2 47.2 48.0 48.0 48.6 48.6 
50.1 55.1 50.8 55.9 51.4 56.5 
52.7 63.3 53.4 64.1 53.9 64.7 
55.2 71.8 55.8 72.5 6.2 73.1 
57.6 80.6 58.5 81.9 58.4 81.7 
59.8 89.7 60.1 90.2 60.4 90.6 
61.9 99.0 62.1 99.4 62.3 99.6 
63.3 107.6 63.9 108.7 64.0 108.8 
65.7 118.2 65.7 118.2 65.7 118.2 
67.4 128.0 67.3 127.9 67.2 127.7 
69.0 138.1 68.8 yay! 68.7 137.4 
70.6 148.2 70.3 147.6 70.1 147.1 
72.1 158.5 G16 157.6 714s ulate 
meets 169.0 “2.9 167.8 72.6 166.9 
74.8 79.5 | 74.2 178.1 73.7 177.0 





fiynn on Kutter s Formula. 


TABLE 4. 


Based on Kutter’s formule with n — .0275. 


Values of the factors ¢ and ¢ 4/r for use in the formule:— 


JP A gee ERP A/ 82> 04/07 











1 in 2500 























1 in 1666.7 





1 in 1000 





















































~/r | 2.114 feet per mile. 3.168 feet per mile. 5.28 feet per mile. 
in 5 == 0004 WEES Coons ee onl 
feet. coe =3 
¢ | eT ea ( C/T . C/r 
4 26.4 | 10.5 | 26.8 10.7 27.2 10.9 
a) a ay 15.6 31.6 15.8 32.0 16.0 
6 35.9 DARE 30.9 21.5 36.3 21.8 
of 39.3 Bio 39.8 27.8 40.2 251) 
8 42.8 34.3 43.3 34.6 43.6 34.9 
ao 46.0 | 41.4 46.4 41.8 46.8 42.1 
1.0 49.0 | 49.0 49.3 49.3 49.6 49.6 
1 et 56.8 52.0 57.2 52.3 57.9 
tee 54.1 | 64.9 54.4 65.3 54.6 65.6 
123 56.4 | 73.4 56.7 FORD 56.9 73.9 
1.4 58.5 82.0 38.7 $2.2 58.9 82.4 
1.5 60.5 90.8 60.7 9170 60.8 2) a 
1.6 62.4 99.8 62.5 99.9 62.5 100.1 
Tay 64.1 108.9 64.1 109.0 64.2 109.1 
1.8 65.7 11372 65.7 1832 65.7 LIS 2 
i!) 67,2 126.7 Of 72 | 127.6 67.1 127.5 
2.0 GBrGn wi entloy .2 68.5 137.0 68.5 136.9 
zai 69.9 146.9 69.8 146.6 69.7 146.4 
22 Fokioe | 156.5 TSO 156.3 70.9 156.0 
2:3 72.4 166.5 72.2 166.0 72.0 165.6 
2.4 73.6 | 176.5 73.3 175.9 73ak 175 4 





flynn on Kutters Formula. 


TABLE 5. 


Based on Kutter’s formule with n — .03. 


Values of the factors ¢c and ¢ \/r for use in the formule :— 


V Sens =e X Vr K 48s = evr X V/8— 





Ss ver ive) 


bo 














0.264 feet per mile. 





1 in 20000 





1 in 15840 


lin 10000 








—= .00005 


s = .000063131 





0.3333 feet per mile. 








0.528 feet per mile. 





6 = SAU 



































s 
c C4/7r c C/r c C/r 
19.0 7.59 19.6 7.86 20.9 8.4 
23.0 L1s5 23.8 11.9 25.1 12.6 
26.9 16.1 27.6 16.6 29.0 17.4 
30.5 21.3 31.2 21.9 32.6 22.8 
33.9 oTel 34.6 hee 36.0 28.8 
37.1 33.4 37.9 34.1 Sd 35.2 
40.2 40.2 40.9 40.9 42.1 42] 
43.1 47.4 43.7 48.1 44.8 49.3 
AG toe 55.1 46.5 55.8 47.4 56.9 
48.6 (63.1 49.0 63.8 49.9 64.9 
51.1 71.5 51.4 72.0 52.2 ona 
53.5 80.3 53.8 80.7 54.3 81.5 
55.8 89.3 56.0 89.6 56.4 90.2 
58.0 98.6 58.1 98.8 58.3 99.1 
60.1 108.2 60.2 108.3 60.2 108.4 
62.2 118.1 62.1 117.9 61.9 117.6 
64.1 128.2 63.9 127.8 63.6 127.2 
66.0 138.5 65.7 137.9 65.2 136.9 
67.8 149.1 67.4 148.2 66.7 146.7 
69.5 159.9 69.0 158.7 68.1 156.6 
72 170.8 70.5 169.3 69.5 166.8 
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TABLE 5. 


Based on Kutter’s formule with n = .03 


Values of the factors ¢ and c \/r for use in the formule:— 





1 in 75000 








Vere STs 223 (EES Sr X af 5 = e Str % ye 





1 in 5000 


























1 in 3333.3 


















































/r | 0.528 feet per mile. 1.056 feet per mile. BS, feet per nn 
a s= 000133333 | s = 0002 ee 0008 
feet. a ; ae _ 
c CAST ¢ Cr: Cc CIT 
Oe 21.5 acet 29.4 8.96 23.1 9.24 
5 25.8 12.9 26.7 13.4 27.4 T3ey 
6 29.7 17.8 30.7 18.4 31.4 18.8 
me 33.3 2873 34.3 24.0 35.0 24.5 
ie Boe 29.4 ST6 30.1 38.2 30.6 
9 39.8 35.8 40.6 36.5 hy aya 
10 42.7 43/7 43.5 43.5 44.0) 44.0 
Ae 45.4 49.9 46.1 50.7 46.6 51.3 
1.9 47.9 57.5 48.5 58.2 49.0 58.8 
153 | 50.3 65.4 50.8 66.0 51.2 66.6 
1.4 | 52.5 73.5 | 52.9 7421 53,2 74.5 
1b 4  BaG 81.9 54.9 82.4 55.1 82.7 
ny Cad sts 90.4 56.8 90.9 56.9 91.0 
133 | 58.4 99.3 58.5 99.5 58.6 99.6 
1.8 60.2 108.4 60.2 108.4 60.2 108.4 
T.8e" FO1A0 117.6 61.8 117.4 yy, 11722 
2.0 | 63.4 126.8 63.2 126.4 63.1 126.2 
2.1 64.9 136.3 64.6 Biyy) 64.4 135.2 
F2  OGee 146.1 66.0 145.2 65.7 144.5 
O30. 6a 155.7 67.2 154.6 66.9 153.9 
) 69.0 165.6 68.4 164.2 68.0 163.2 
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TABLE 


5. 


Based on Kutter’s formule with n — .03. 


Values of the factors c and c ./r for use in the formule:— 


V =6é STS aes /r xX w/a C Sr xia 
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1 in 2500 





1 in 1666.7 


























1 in 1000 



































s = .0004 s = .0006 s = .001 
C CSP ¢ C4/r ¢ CAST 
23.5 9.4 | 23.9. 9.6 | 24.2 9.7 
27.8 13.9 28.2 14.1 28.6 14.3 
31.8 19.1 32.2 19.3: 32.5 19.5 
35.3 24.7 35.8 25,1 36.1 25.3 
38.6 30.9 39.0 31.2 39.3 31.4 
41.6 37.4 41.9 37.7 49.2 38.0 
44.3 44.3 44.7 44.7 44.9 44.9 
46.8 51.5 47.1 51.8 47.4 52.1 
49.2 59.0 49.4 59.3 49.7 59.6 
51.4 66.8 51.6 67.1 51.8 67.3 
53.4 74.8 53.5: | gewrded 53.7 75.2 
55.2 82.8 54.4 | 81.6 55.5 83.3 
57.0 91.2 57.1 91.4 57.2 91.5 
58.7 99.8 58.7 99.8 58.7 99.8 
60.2 108.4 60.2 108.4 60.2 108.4 
61.6 117.0 61.6 | 117.0 61.6 117.0 
63.0 126.0 62.9 125.8 62.9 125.8 
64.5 135.0 64.2 134.8 64.1 134.6 
65.5 44.1 65.4 143.9 65.3 143.7 
66.7 | 158.4 66.5 153.0 66.3 152.5 
67.8 | 162.7 67.6 162.4 67.4 161.8 
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TABLE 6. SLOPES. 
Giving the fall in inches per mile; the distance corresponding to a fall 
of one, and also the values of s and ,/s_ 
ee = 5 = sine of slope = fall of water surface (hk) in any distance (/) 


divided by that distance:— 

















Fall in inches 
| Slope | in. s Js 
per mile. 
2 31680 .00003 1565 .005618 
24 25344 . 000039457 .006281 
3 21120 . 000047349 . 006881 
3h 181038 . 000055240 . 007432 
4 15840 .000063131 . 007945 
+} 14080 . 00007 1023 . 008427 
5 12672 . 000078913 .008883 
54 11520 . 000086805 .009317 
6 10650 . 000094697 .009731 
64 9748 . 000102588 .010129 
7 9051 .000110479 .010511 
73 8448 .000118371 .010880 
5 7920 .000126261 OLIZS7 
84 7454 .000134154 .011583 
9 7040 . 000142045 .011918 
94 ‘ 6670 .000149937 .012245 
10 6336 .000157828 . 012563 
10% 6034 .000165720 .012873 
11 5760 .000173598 .013176 
114 5510 .000181502 .013472 


12 5280 . 000189393 .013762 
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TABLE 6. SLOPES. 


Fall in inches 











Slope 1 in. 8 af ae 
per mile. 

124 5069 .000197285 .014016 
13 4874 . 000205182 014324 
133 4693 .000213068 014597 
14 4526 . 000220960 .014865 
144 4370 .000228851 .015128 
15 4294 . 000236742 .015386 
153 4088 . 000244634 015641 
16 3960 000252525 .015891 
164 3840 .000260411 .016137 
17 Var 000268308 016381 
174 3621 . 000276199 .016619 
18 3520 000284091 016854 
183 3425 .000291982 .017087 
19 3335 . 000299874 .017317 
194 3249 .000307765 .017543 
20 3168 .0003 15656 .017767 
203 3091 000323548 .017987 
al 3017 000331439 .018205 
214 2947 . 000339331 018421 
22 2880 . 000347222 .018634 
223 2816 000355114 018844 
23 V5 .000363005 019052 
234 2696 . 000370896 .019259 


24 2640 . 000378787 .019463 
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TABLE 6. .-SLOPES. 








Fallin feet 
Slope 1 in. s /s 
per mile. 

3 1760 .000568182 . 023836 
4 1320 .000757576 . 027524 
5 1056 .000946969 .030773 
6 880.0 . 001136364 . 033710 
7 754.3 . 001325797 . 036411 
8 660.0 001515151 . 038925 
9 586.6 .001704545 .041286 
10 528.0 .001893939 .043519 
11 443.6 . 002083333 . 045643 
12 440.0 . 002272727 . 047673 
13 406.1 . 002462121 . 049620 
14 | SW he | .002651515 .051493 
15 352.0 . 002840909 . 053300 
16 330.0 . 003030303 .055048 
17 310.6 . 003219696 . 056742 
18 293.3 . 003409090 .058388 
19 277.9 . 003598484 .059988 
20 264.0 .003787878 .061546 
OM | 251.4 . 003977272 . 063066 
DH 240.0 . 004166667 . 064549 
p53 229.6 . 004356060 . 066000 
24 220.0 . 004545454 .067419 
25 21172 . 004734848 .068810 
26 203.1 . 004924249 .070173 
27 195.2 005113636 071510 
28 188.6 . 005303030 . 072822 
29 182.1 . 005492424 074111 
30 176.0 .005681818 .075378 
31 170.3 .005871219 . 076624 
32 165.0 . 006060606 .077850 
33 160.0 . 006250000 .079057 





KUTTER’S FORMULA. 


By P. J. FLYNN, C. E., Mem. Tech. Soc. 


In January, 1886, a paper on a modification of Kutter’s for- 
mula, as given in the twenty-first edition of Molesworth’s En- 
gineering Pocket Book, appeared in the Transactions of the 
Technical Society of the Pacific Coast. 

In Van Nostrand’s Engineering Magazine for September, 
1886, is a letter on this subject from Mr. Guildford Moles- 
worth, the author of the Pocket Book, of which the following 
iS a COpy: 


To the Editor of Van Nostrand’s Magazine: 

Mr. Flynn’ criticism of my modification of Kutter’s formula for pipes has 
just reached me. Mr. Flynn is quite correct. The formula as it stands in 
page 25 of the twenty-first edition of my pocket book has an omission of 


/d. As I originally framed it, it stood thus: 


.00281 
Isl + — 


026 
1+ y= ( 41.6 +e) 


Unfortunately the omission of \/d escaped my observation in correcting 
the proofs of this twenty-first edition. 

Taking the side cases which Mr. Flynn has worked out, a comparison of 
Kutter’s formula and my modification of it for pipes, as corrected, stands 
thus: 















































Diameter of Pipe. Slope 1 inch, Kutter. Molesworth, 
6 inches 40 71.50 71.48 
6 inches 1000 69.50 69.79 
4 feet 400 117.00 117.00 
4 feet 1000 116.5 116.55 
8 feet 700 130.5 130.68 
8 feet 2600 129.8 129.93 





The two formule are thus far substantially identical in results though 
differing slightly in form. 
GUILDFORD MoLESwortuH. 
Simla, India, May 17, 1886. 


TECHNICAL SOCIETY OF THE PACIFIC COAST. 
SAN FRANCISCO, CALIFORNIA, 


INSTITUTED APRIL, 1884. 





PROCKEDINGS. 


(VoLumE VII.—No. 3.) 


MINUTES OF MEETINGS. 


REGULAR MEETING. 
May 2, 1890. 


Called to order at 8:30 p.m. by President Richards. 

The minutes of the last regular meeting were read and 
approved. 

After a count of ballots the following gentlemen were de- 
clared elected members of the Society: Messrs. Adolph Lietz, 
William M. Fitzhugh and Joseph A. Sladky. 

The following propositions were read and disposed of in the 
usual way : 

For Sener rank Pettit, mechanical engineer, proposed 
by H. C. Behr, Otto v. Geldern and Geo. F. Schild; W. B. Storey, 
Jr., civil engineer, proposed by L. Tasheira, L. M. Clement and 
H. D. Gates; P. M. Norboe, civil engineer, Visalia, Cal., pro- 
posed by P. J. Flynn, Burr Bassell and Otto v. Geldern. 

For associate—Thomas Hamlin, attorney-at-law, proposed by 
Otto v. Geldern, Geo. F. Schild and L. Wagoner. 

The American Society of Civil, Hngineers donated all past 
transactions prior to 1884, which have been received by the 
Secretary and sent to the bookbinder. The announcement of 
this very acceptable gift was received with applause. 

A communication was read from C. L. Stevenson, Esq., hy- 
draulic engineer, of Salt Lake City, announcing the organization 
of a Polytechnic Society of Utah, composed of the prominent 
engineers and technologists of that part of the territory. Com- 
munication placed on file. 
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Mr. P. M. Randall, civil engineer, then read a very exhaust- 
ive mathematical treatment, prepared with great care and labor, 
on the principle of the Air Lift-Pump of Dr. Pohlé. After the 
reading of the paper questions were asked and answered as to 
the practical utility of the apparatus, and references made to a 
communication on the subject from Mr. Hawgood, a member of 
the Institution of Civil Engineers, which was taken up by Mr. 
Randall in a special paper containing his views on that particu- 
lar point. Another paper on the principle of the pump, by 
Mr. Luther Wagoner, was read by title only and referred to 
the Executive Committee, together with all the subject matter 
and discussion thus far on hand, preparatory to publication.* 

A communication from the American Society of Civil Engin- 
eers was read, being a report of a Committee on Revision of the 
Constitution, signed by Chairman Shinn. This communication 
requests that the views of the different Engineering Societies of 
the country be submitted on the subject of a closer intercom- 
munication and fraternization in their relation to each other. 
After consideration it was thought necessary to take immediate 
action, and it was moved to refer the’ matter to the Executive 
Committee, with instructions to advise the Secretary as to the 
reply. Carried. 

The Executive Committee not being complete, by reason of 
Mr. Hubert Vischer’s absence, the President appointed Mr. 
Luther Wagoner to act temporarily as member thereof. 

The Secretary having requested to be represented during an 
absence of several weeks, the Chair appointed Mr. Geo. F. Schild 
to act until] the return of Mr. Otto von Geldern. 

President Richards called attention to two concrete bricks 
submitted by the manufacturer,\Mr. Chas. Turrell. The maker 
explained that they were made of blue rock (taken from the 
vicinity of Second-Street cut) and Portland cement. The rock 
is pulverized, mixed with the cement and submitted to a pres- 
sure of 50 tons to a brick of the ordinary size. There is no 
burning in their manufacture. The percentage of the cement 
varies with the material used. Their strength is very great, 
and if laid in cement: they form a' perfect concrete wall. The 


* The publication of this entire subject has been postponed for the present. 
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absorbing power is small, and the specific gravity about 1.9. It 
was stated that they could be made to compete with the ordinary 
burned brick. Mr. Manson asked if he could procure about 
one thousand of these bricks to test them in his water-front 
work, to which the manufacturer readily agreed. 

Mr. B. McIntyre, a mechanical engineer, being asked if he 
would present the Society with a paper on Wire-Rope Trans- 
mission, promised to do so at an early date. 


Meeting adjourned. 
Orto von GELDERN, 


Secretary. 


REGULAR MERTING. 


June 6, 1890. 

Called to order at 8:30 p.m. by the Vice-President, Professor 
Frank Soule. 

The minutes of the last regular meeting were read and ap- 
proved. 

The Secretary having reported the donation of twenty-seven 
numbers of the ‘‘ U. S. Navai Institute,’’ and from the Presi- 
dent, Mr. John Richards, files of the “London Engineer,” 
‘¢Hngineering,” ‘ Industry,” and ‘‘Iron Age,’ it was ordered 
that the receipt be acknowledged and that the donors be 
thanked for their valuable gifts. 

Professor Irving Stringham, of the University of California, 
then delivered a very able paper entitled, ‘“‘ Napier’s Definition 
of a Logarithm and its Consequences,” which claimed the atten- 
tion of the Society and led to a lengthy discussion subsequently. 

A vote of thanks for Professor Stringham was passed. 

The Pacific Electrical Storage Company of San Francisco, 
having extended an invitation to this Society to call upon the 
firm and inspect the large lighting plant now in operation, Mr. 
N. S. Keith moved: 

That the thanks of the Society be communicated to the Pacific 
Electrical Storage Company for the invitation; that the Secre- 
tary arrange a time for the proposed visit, and notify the mem- 
bers in accordance therewith; that the Company be invited to 
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exhibit and explain its apparatus before the Society at a meet- 
ing which shall be arranged and called by the President and 
Secretary. Carried. 

The following letter was read, which is to be forwarded as a 
reply of the Executive Committee of tnis Society to the American 
Society of Civil Engineers, in the matter of suggesting a plan 
for effecting a closer intercommunication and fraternization of 
_the various Technical Societies in the United States: 


San Franotsco, June 6, 1890. 
Mr. Joun Bogart, 


Secretary American Society of Civil Engineers, New York: 

Dear Srr—At the regular meeting of this Society, May 2d, 
your communication concerning some enlarged action by the 
various Societies of the land, was read and referred to the Ex- 
ecutive Committee, with power to act, and I herewith transmit 
a copy of its report: 

‘“‘The Executive Committee greatly regrets that the commu- 
nication was not received in time for general discussion by the 
Society. 

** Personally we doubt the advisability of the absorption of 
the smaller Societies by a general Society. However, we should 
greatly favor a suitable plan for the distribution of the printed 
papers of each Society among the members of all Engineering 
and Technical Societies co-operating for such purpose; also, an 
understanding among such Societies leading to a free exchange 
of communications and discussions. 

(Signed) S. Harrison Smiru, 
H. C. Brune, 
Luraer Waaoner, 


Ex. Com. Tech. Soc.” 
I am, very respectfully, 


Gro. F. Scum, Acting Secretary. 


Upon a count of ballots the following gentlemen were de- 
clared duly elected: 
- Members—F rank Pettit, mechanical engineer; W. B. Storey, 
Jr., civil engineer, Visalia, Cal.; P. M. Norboe, civil engineer, 
- Associate—Thomas Hamlin, attorney-at-law. 

C. D. Harvey, of Harvey & Graves, San Francisco, having 
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been invited to exhibit his new water and steam pipe couplings, 
explained this invention by diagrams and models, claiming that 
he had overcome, to a great extent, the resistance to the cur- 
rents in the old-style elbows and T’s, which was due to the 
lodgment of air and rough projections. His new reducer and 
T-reducer especially attracted the attention of the members. 
Pipes of different sizes are thereby brought to the same level 
on the upper edge, obviating any air-chambers. The inside of 
all his fittings are equal to the inside diameter of the connecting 
pipes, and as fittings and pipes join closely he obtains an even 
and smooth passage and avoids friction. 

A number of questions were asked by the members regarding 
the cost, etc., and the tightness of his new fittings, which the 
inventor answered. 

Meeting adjourned. 

Gro. F. Scuirp, 
Acting Secretary. 


REGULAR MEETING. 


Juty 9, 1890. 

On account of the holiday on Friday, July 4th, the regular 
meeting of the Society was held on Wednesday, July 9th. 

Called to order at 8:30 p.m., President John Richards in the 
Chair. 

The minutes of the last regular meeting were read and ap- 
proved. 

Mr. Jason R. Meek, County Surveyor of Yuba County, was 
proposed for membership by Otto von Geldern, Geo. F. Schild 
and H. C. Behr. 

The following donations were announced by the Secretary: 

‘‘Annales des Ponts et Chaussees,’’ 1890, in four parts. 

‘* Mittheilungen des Deutsch-Amerikanischen Techniker Ver- 
bandes,” New York 1885 to 1890. 

** Ninth Annual Report of the State Mineralogist of Califor- 
nia,” 1890, by Wm. Irelan, Jr., State Mineralogist. 

‘* Proceedings of the American Institute of Mining Engi- 


99 


neers,’’ ccntaining a list of officers and members and. the trans- 
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actions of the Ottawa meeting, October, 1889, and the Washing- 
ton meeting, February, 1890. 

**A Bibliography of Geodesy,” by J. Howard Gore, B.S. Ph.D., 
published by the U. S. Coast and Geodetic Survey. 

A communication was read from the Western Society of 
Engineers, of Chicago, IIl., inviting this Society to appoint a 
committee to meet similar committees from kindred Societies at 
the rooms of the Western Society of Engineers, No. 78 La Salle 
street, Chicago, on Tuesday, October 14, 1890, for the purpose 
of formulating a plan for holding an International: Engineering 
Congress during the World’s Columbian Exposition, to be held 
at Chicago in 1893. Engineering Societies in this and other 
countries are to be asked to send delegates to this Congress, 
and Governments themselves requested to send representatives. 

The Secretary was instructed to reply to this letter, express- 
ing the inability of this Society to send a committee, in such 
terms of regret as he should deem proper. 

The following communication was read from the American 
Society of Civil Engineers: 


‘* New York, June 9, 1890. 
To Orto von GELDERN, 
Secretary Technical Society of the Pacific Coast: 

Dear Sir—The Board of Direction of the American Society of 
Civil Engineers invites the officers of your Society to attend the 
Annual Convention of this Society, at Cresson, Pa., beginning 
June 26, 1890. Circulars of information are sent you to-day, 
which kindly distribute among your officers. 

For the Board of Direction, 
(Signed) Joun Bogart, 
Sec. Am. Soc. C. E.” 


The Secretary announced that he had distributed the invita- 
tion cards, and had acknowledged the letter in suitable form. 

A communication was read from the Pacific Electrical Storage 
Company, stating that this Company had accepted the invitation 
of the Technical Society to make an exhibition and explain the 
science and action of electrical accumulators or storage batteries 
before the Society at one of its meetings. It was requested 


112 Minutes of Meetings. 


that the Society make the arrangements and set the date for 
such an exhibition, and inform the Company at an early date, so 
that the electrician, Mr. R. B. Elder, may have time to prepare 
a paper and the necessary apparatus for the occasion. 

The Secretary stated that the understanding had been be- 
tween the Company and the Society that the time, best suited 
would be Friday, August 1, 1890, and that Mr. R. B. Wlder had 
been notified of the date and kad agreed to the arrangement. 

A paper was presented before the Society by Mr. P. J. Flynn, 
C. E., a member, the title and general. contents of which were 
made known to the members. It treats of the subject of the 
‘““Flow of Water in Open Channels,’ and contains practical 
tables deduced from accepted formule. | 

Mr. B. McIntyre, mechanical engineer, then read a very in- 
teresting paper on ‘‘ Ropeway Transmission,” in which he set 
forth his experiences in constructing a ropeway 10,116 feet long 
for the Plomosas Mining Company in Sinaloa, Mexico.* 

The paper was listened to with great interest, and its practi- 
cal value freely acknowledged. In conclusion, the author was 
given a vote of thanks by the Society. 

The President appointed Mr. H. C. Behr a member of the 
Board of Directors to act in the absence of Mr. Hubert Vischer. 

Meeting adjourned. 

Orro vON GELDERN, 
Secretary. 





*This paper will be published in the next issue, 
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Nore —This Society is not responsible, as a body, for the statements and opinions 
advanced in any of its publications. 
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A FEW FACTS ABOUT WIRE ROPEWAYS, WITH 
NOTES ON THE PLOMOSOS LINE. 


By B.-MeIntire, Mem.:Tecw. Soc. 
Read July 9, 1890. © 


Tbe system of transporting material by means of the ‘‘ Wire 
Ropeway,”’ or endless traveling wire rope, has been. thoroughly 
tested during the past eighteen years; the results proving that a 
well-constructed ropeway, with the. latest: improvements, is as 
sure in.its.operation as.is a railway. . It has proved to be cheap 
in first cost and construction, reliable in operation (not being 
affected by changes in weather), and most economical in operat- 
ing expenses and repairs. 

Ropeways have been used for transporting. many kinds of 
material, such as.ore, cord wood, rails, lumber, sugar cane, 
produce, etc... 

Asis well known, there are on the Pacific Coast. many valuable 
mining properties undeveloped on account of the ore being of 
too low grade to be worked. profitably by the usual.method of 
erecting steam power reduction works at the mines. By grinding 
these ores in a mill driven.by water power, which in many cases 
may be found within a few miles distance, these may often be- 
come valuable properties. The question of transportation is 
in many ‘cases the only difficulty, and’ a well constructed wire 
ropeway will-often be found to solve the problem. 
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-. The construction is the following: An endless wire rope, at 
intervals of from 140 to 2,000 feet, is supported on suitable 
sheaves, which are mounted vertically on the ends of cross- 
arms fixed to the necessary posts or supporting structures, and . 
at a sufficient height to clear all surface obstructions. At both 
ends of the line, the wire rope passes around sheaves set hori- 
zontally. These sheaves are either grip or plane sheaves, 
as the case may require. Grip sheaves are used where power 
is to be supplied to the rope, or to prevent slipping where brakes 
are used to regulate the speed, the brake wheel being then 
attached to the upper side of the grip pulley. 

Buckets or carriers of various designs, differing according to 
the character of the material to be handled, are used. These 
are suspended by hangers and clips, which are either inserted 
into the rope or strapped around the outside of it, and are at- 
tached at intervals determined by the amount of material to be 
delivered, calculating the rope to run ata speed of about 200 
feet per minute. The clips are so made that they may pass over the 
rims of the carrying sheaves and around the horizontal terminal 
sheaves. The carriers may be loaded at any part of the road, 
either by the use of an automatic loader or by hand labor, while 
at the point of discharge the carriers unload automatically, the 
rope not being stopped either to load or unload. 

When the point of delivery is lower than the loading point, 
and the inclination greater than about one in seven, the rope- 
way will run by gravitation, the speed being regulated by a 
brake; when less than one in seven, auxiliary power must be 
employed. A ropeway, running 200 feet per minute, with ore 
buckets attached at intervals of 48 feet, carrying 160 lbs. per 
bucket, will deliver 20 tons per hour. If run by gravity, with a 
loading device and one man to look after it, one man at the 
brake and one man at the discharge end; three men can deliver 
200 tons of ore, at a cost of about three cents per ton for labor. 
By using two clips close together on the rope, loads of 500 to 
700 Ibs. per bucket or carrier can be transported. 


NOTES ON THE PLOMOSAS ROPEWAY. 


In the year 1884 the author was called upon to construct and 
put in operation a ropeway for the Plomosas Mining Company, 
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State of Sinaloa, Mexico. A record of the construction, to- 
gether with a statement of the ditficulties which had to be over- 
come may not prove uninteresting from one familiar with this 
- class of work, and may perhaps be valuable to other engineers 
who may have occasion to plan a similar plant. Before entering 
upon this work I had constructed a ropeway 4,400 feet long for 
Mr, E. Wertherman, at,Topia, State of Durango, Mexico (it be- 
ing, by the bye, the first.ropeway built in Mexico). Upon assum- 
ing duty as their engineer, my recommendation to the Plomosas 
Company was to construct a ropeway, on account of the high and 
yearly increasing cost of fuel, and as a means of reducing their 
yearly debt; for the property, although valuable, was not profit- 
able as then operated. 

After having located the best wooded part of the table land, 
two miles from the mill, a site for the upper terminal was selected 
in a position which gave the straightest line, together with the 
shortest spans,and ina district which would supply the mill 
with wood and charcoal for five years, without going outside of 
a half-mile radius from the terminal. 

Having made the requisite survey* and obtained a profile, the 
first step in order, was to locate the exact position of the carrying 


* The surveys were made by telemeter measurements, which, except 
in cases where grade is very scant and near the limit for a gravity plant, is 
of quite sufficient accuracy. 

It may not be uninteresting to mention that the only instrument available 
was a small mountain transit, which was provided with only one horizontal 
hair.- Two extra hairs were put in, but as there were no ready means for 
spacing them accurately in the telescope, they were put in without refer- 
ence to the distance between them, care being exercised only to make 
them parallel. Arod nine feet long was then placed exectly 100 feet from 
the instrument, and the space on the rod intersected by the hairs was meas- 
ured and subdivided into tenths and hundredths. With this graduation the 
rest of the rod was divided off and painted; being thus empirically gradu- 
ated to suit the telemeter hairs, instead of conversely, as is usually the case. 
The rod was used as an incline rod with guide sights for setting it at right 
angles to the inclination of the line of vision. Notwithstanding the 
extreme roughness of the ground and the makeshift nature of the stadia de- 
vice, a survey was made in two and a half days, which subsequent compari- 
son with a triangulation survey, proved to be out only 28 feet in the 
whole distance (two miles), and accurate to nine feet in elevation (in 3575 
feet). 
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structures, which can be done with sufficient accuracy by tracing 
on the profile ares of a parabola between the points to be selected 
for the supports, after having determined upon the tension and 
necessary sag between sustaining posts.. ules for, determining 
the sag and tension need not be discussed here, as they can be 
found in any standard work on rope transmission. 

The Plomosas ropeway was the first to be constructed in what 
may be called rough country, with aso limited number of,availa-.. 
ble points for sustaining structures and such enormously long | 
spans, 

The profile, Plate 1, shows the spans, whe (starting with the 
' lower terminal} are ernacixely, 935, 863, 104,.1378, 977, 1935, 
410, 1066, 771, 883 and 483 feet; in all, 9705 feet. To this 
length was subsequently added 410 feet between structures 8 
and 9, when the vertical turn sheaves were replaced with hori- 
zontal turn sheaves, making a total length of 10115 feet, with a. 
difference in elevation of 3575 feet between terminals. 


ConsTRucTION OF TERMINALS AND Station Structures.—As a 
general rule, hewn timbers have to be used in ropeway construc- 
tion, as sawed lumber is not available. In some cases, round 
poles are used. These, however, should not be employed,:as 
they make.a very poor structure, and are a continuous source of 
trouble and expense, taking twice as long to frame as hewn tim- 
bers, though employers are apt {o think that there is economy in 
using the cheapest lumber that canbe found, not considering 
the labor and subsequent expense of. keeping the line im order. 

In framing the terminal structures, I took great care to have 
the work well done, having it well bolted, and using large cast 
iron washers on bolts. | 


The upper terminal.—The upper terminal structure was made: - 
of 8 by 8 inch hewn timbers and as is shown on Plate 2. : 
The foundation for this terminal was made by digging a trench 
45 feet long, 10 feet wide, and 5 feet deep. Into. this, three logs, . 
24 inch diameter and 40. feet long were rolled, and upon these,.,. 
eight cross-ties, 24 inch diameter. and 9 feet long, were placed..: 
These were notched out on top to receive the thee for the track, : 
which was 4 foot 3 inches gauge. ‘These sleepers were bolted to 
‘the two outside bottom logs; and after everything had been well " 
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secured with bolts, lagging was laid on top of the logs betweén 
the ties; and the spaces between were filled up with dirt. This 
made a very solid foundation, and the trees being cut not twenty 
yards away, it was the cheapest foundation that could be used. 


It is not customary to have the upper terminal mounted on 
wheels, but at Plomosas I was restricted to 54 feet run, from the 
lower terminal to the counter-weight structure. In fact, no use 
- was made of the top take-up, after it had been put in, as I had 
opportunities for taking up the stretch of the rope when it was 
cut to put in the turn sheaves, and later when the splices were 
renewed, as will appear further on. 


Construction of intermediate structures.—In erecting the inter- 
mediate supporting structures, use was at first made of such large 
trees as lay in the direct line of the ropeway,* but it soon be- 
came apparent that suck single post supports were of little use, 
although some of the trees were three feet in diameter. The 
vibration at these points was so great that a jerking motion was 
imparted to the rope whenever a clip passed over a sheave, and 
the latter began to cut out at the rate of } inch per week where 
the single posts were used, although these were braced in every 
conceivable way, some of them having as many as twelve guy 
ropes run out in all directions. The supports shown on the pro- 
file at the points marked 12, 11, 10, 8 and 7, were all originally 
of the single post type, but they were all afterwards braced by 
having x-frames built around them, or were replaced by other 
structures when the line was straightened out and the turn put 
in. The supports.at 6,5, 4, 3 and 2, were originally built as 
trussed structures, and gave good satisfaction from the begin 
ning. Plate 3 shows their construction, which is the best form 
for use in ropeways with great spans, being trussed in all direc- 
tions and not being liable to get out of line, nor will the weighted 








*An easy method of cutting the treés is as follows: After rigging a staging 
“on a tree without limbs, a rope is attached as high up as possible. ‘A cut is 
then made on one side, extending to the center of the trunk, after which a 
similar notch is made on the opposite side, about two feet higher up. After 
this, a couple of men at the rope can easily pull the top over, and with proper 
care in making the first cut, little work is needed to fit the cross-arm to its 
seat. 
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side of the rope pull the cross-arm out of level. All the bolts may 


become slack, and still the cross-arm will remain horizontal, 
which is not the case in the four-post structure commonly used, 


and with which, after a few days running, the unloaded side of 
the cross-arm will rise up, often showing a difference of eight 
inches in the level of the sheaves in the course of a week, and 
giving rise to the nuisance of keeping a man continually going 
over the line to tighten up bolts and get the cross-arms back 
into place. 

In the truss structures, sills should always be used, as they 
prevent spreading, and keep the whole structure in line. 

During three and a half years, I did not have occasion to 
tighten a bolt on any of the Plomosas structures. 


The lower terminal.—The lower terminal structure (see Plate 2) 
was made of 10x10 inch timbers, with 6x8 inch timber for the 
track (the length of which was 65 feet), and supported on 22 
inch round timbers for sleepers. 

I erected a four-posted tower for a gener weight, as shown 
in Sheet 4. This was 24 feet high, 10 feet square at base, and 6 
feet square on top. On this two sheaves were mounted, one on top 
and the other at the bottom. The weight box was 5 feet square 
and3feet deep. To this a saddle carrying a 24 inch sheave was 
attached by four rods which passed through the bottom corners, 
the object being to get a double length of take-up, making 44 
feet in all. This made a substantial structure and worked well, 
though not a structure suitable for general use, as the three 
bends in the rope with three sheaves are objectionally rigid and 
stiff. When possible, a singlesheave placed at the top of a bank; 
or run out on an incline, is the proper way to put in a counter- 
weight. 

At Plomosas, I let the terminal remain in one position for 
three or four months at.a time without moving it. When the 
baskets got too near the ground between posts 2 and 3, or be- 
tween posts 6 and 7, I would run the terminal out four or five 
feet, which answered quite well. 

The movable terminal should have a good rail on top of the 
carriage wheels, to prevent its turning over should the front 
wheels be raised off the track, as would happen where the rope 
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comes to the terminal at a steep angle from a station above it. 
It would not be necessary where the terminal is higher than the 
post before it, but in all cases it is a wise precaution to have a 
hold-down rail, as there have been cases where, in starting a 
ropeway, the terminal has turned over, doing serious damage to 
the machinery, buckets, clips, ete. 

Station structures do not need hold-down bolts, except where 
the rope makes a very steep angle upon jleaving the sheaves, 
and where there is a long span in front of it, which would tend 
to push the frame back and overturn it. Such a condition would 
exist at post 7. 


Transportation of Rope.—The transportation of material, when 
it has to be done on pack animals, becomes a very serious matter 
in certain classes of machinery. Transporting rope in long 
pieces was something new when I had the first 10,000 feet taken 
to Topia, in either three or four pieces (I have forgotten which), 
it being the first time that rope had been handled in such lengths 
on the Pacific Coast of Mexico, or elsewhere, I believe. The road 
over which the rope was carried is the roughest in the State of 
Durango, it taking nine days to reach Topia from Culacan, 
about 110 miles, with pack animals. 

The rope for Plomosas was taken in ten pieces, each piece of 
2250 feet length being carried on seven mules, each carrying 321 
feet with a piece ten foot long between each pair of mules, mak- 
ing 70 mules to the train. It required three men to take care of 
each seven mules. 

In coiling rope for mule packing, coils should be made as 
small as possible, say 24 inches, for when larger it is very trouble- 
some to fasten them to the aparejo, or pack saddle, which gets 
loose very often, causing much inconvenience when there is a 
long train. At present freighters will carry rope packed on ten 
and twelve mules ata slight advance over the regular freight rates, 
itihaving now become a common thing to carry such ropes. There 
are liabilities of damaging the rope by getting kinks in it, when 
not properly rolled and tied, or when there is too much slack 
left between the mules. When a rope is badly kinked, the wires 
of the strands onthe concave side of the kink will commence to 
break, soon after being put into use. 
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At Plomosas, after the ropeway had been running four months, 
Thad to replace two strands of the rope at points where short kinks 
had been made in transportation. These had been previously 
-marked as it was suspected they would give out, as proved to be 
the case.* 

In transporting the rope to: the. upper terminal, an accident 
occurred by which three mules were killed. ._The head mule at 
a sharp turn in the mountain trail, where a rise immediately fol- 
lowed a steep descent, started up the ascent with a rush until 
checked by the rope, which. threw him backwards and over the 
bank, taking two other mules with him, and had the last of these 
not caught on atree, the rest of the train would have followed. 
The path being cut out of the mountain side, and so narrow 
as not to admit turning a mule, or even unloading its pack, the 
coils which had gone over the bluff were fished up, uncoiled, and 
carried a quarter of a mile by hand. The rope was badly kinked 
through this mishap. 


DistRiBuTion OF Rorz.—The rope used at Plomosas was 18-16 
inch diameter, plough steel, of 300,000 lbs. tensile strength per 
square inch, and was manufactured by the California WireWorks, 
of this city, from special material brought from Germany. 

Five of the ten pieces of rope (i. e.. 11250 feet) were taken to 
the upper terminal; two pieces were left at post No. 5, two pietves 
placed between posts 2 and,3, and the spare one was left at the 
mill. 

A temporary horizontal reel was constructed at the upper ter- 
minal, upon which I wound from a turn-table, three of the five 
pieces, splicing them together as they came. Taking eighteen 
men I started to draw the rope out on the right hand side of the 
line, not mounting it on the sheaves as I went, but drawing it 





“If a short kink occurs, it may be very successfully removed by fastening 
two clamps to the: rope, one on either side of the kink with just. room be- 
tween, to use a mallet freely. Then by unbending the kink in the direction 
in which it was formed, at the same time twisting the rope with the clamps 
into proper shape, and setting down witha mallet, the worst kink can be 
taken out, so thatit cannot be noticed. Trying to pull or hammer out a kink 
will only make it worse, and weaken the rope more than if it were left in. 
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ing about three hours to distribute this portion of the rope). I 
had about 200 feet of the rope: over the bluff, when the end 
lodged and ceased torun down. I was about to make the rope 
fast above and go down on it to loosen it below, when it sud- 
denly freed itself and dropped, paying itself out from above with 
a speed that drew fire from the rocks. 'The man at the brake, 
having left it to see what was the matter below, reached the 
brake and stopped it just as the last line of coils was running off 
the drum. It would hardly be supposed that a rope laid on the 
eround, having to overcome the friction caused by running 
around stumps and over rocks, would start and run of its own 
accord, butit did, and when stopped, fully 1000 feet of rope lay 
-ina heap at the bottom of the decline. This I had to turn over 
carefully, commencing with the first coil, until I had it all disen- 
tangled, after which the rope was. drawn out without further 
accident, and what remained on the reel was led off back of the 
terminal. 

The two remaining coils at the terminal were then wound on 
the drum, and led off on the left hand side of the line, due care 
being taken to avoid a repetition of accidents. When this had 
been accomplished, the ends at the terminal were joined, and 
proceeding to post.6, the rope was stretched taut with a block 
and tackle. With the aid of the turn-table alone, the coils 
‘between posts 5 and 6 were pulled out, aclamp device with 
lever attachment. being used to check the rope at any moment, 
_.as it. passed from the turn-table. One coil was payed out to the 
right and one to the left of structures. These were attached 
between 4 and 5, and after the upper ends had been joined to 
the rope above it, the line was pulled taut between 6 and 5 
and 5and 4. Then moving the turn-table to post 4, the left 
hand strand was run down to the mill and tightened, and then 
spliced to the right hand rope at that point and passed round 
the terminal; after which the slack. between posts 2 and 3 was 
drawn up from. above and the end made fast. The remaining 
gap was payed out and spliced to the right hand end between 4 
and 5, which left the final splice to be put in between posts 8 
and 4, which was a.convenient place to make it. 


The. rope was. next.mounted on all the sheaves except 3 and 4 
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(on the right hand side), and with the aid of al} inch Manila 
rope, attached to a 4 and 3-pulley block, I drew in the ends 
until the rope was quite taut, when attaching another block and 
tackle to the fall of the first block, I could with little help 
get it as tight as I wished. 

At the end of a day, the slack was taken up, which amounted 
to twenty feet (due to the heat). In the first day the rope must 
have stretched at least 25 feet, and if the splice had been made 
at first, I would have lost ten feet of the counter-weight travel. 
The rope stretched rapidly for the first month; after that, the 
stretch was inconsiderable. 


Having mounted the rope on post 3, I began mounting it on 
post 4, but not having calculated the power necessary to raise 
the rope on to this station, found that with a3 and 2 sheave 
block, twelve men could not budge it. After procuring eight 
men more, and rigging a snatch block at the bottom to get a 
good horizontal pull, twenty men mounted it easily. 


The next thing was to attach the clips, hangers and buckets, 
which were placed 100 feet apart. On account of the steep 
grades, this operation required some judgment, and was done 
in the following way. 

Having oiled all the journals, and seen that the brakes were 
in good order, I attached a clamp to the rope. To this clamp 
was attached a 2-pulley block, having a single block placed 66 
feet further out. I hitched the fall of the ropeto a mule, and 
with the help of the men started the rope, having to change the 
clamp twice for each clip put on. 


As the clips were attached to the rope, the baskets were 
loaded with the heaviest wood procurable. This'was continued 
until the front clips reached post 8, after which, with six men the 
rope could be started by pulling upon it. We now discontinued 
loading the baskets for a while, loading them only when the men 
had to pull a little hard. With all care, however, it was all we 
could do to check the speed after the first bucket got over post 3. 
Having set both brakes up tight, I commenced putting on the 
clips every 400 feet until the first basket passed around the bot- 
tom sheaves, where they were unloaded. The baskets were next 
put on in rotation, and we continued to load them when neces- 
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sary, taking care to have them numbered, and to note which were 
loaded and which unloaded. After having got the first bucket 
back to the upper terminal without trouble, missing clips were 
put on as vacant spaces reached the terminal. 

The rope was run three days with light loads, the;buckets be- 
ing only half filed. Then I commenced gradually to fill them, 
until I found that the two brakes would not control the speed. 
After running lght for a week, it was decided to put on another 
brake on the upper terminal, for which I had already partly pro- 
vided. Having a kevel gear attached to the grip sheave shaft in 
case of necessity, I put in a shaft with a pinion attached back 
through the frame. On the end of this shaft was put a heavy 
36x6 inch pulley, which I had at the mill. This was fitted up 
with a brake band connected with levers, and sufficiently weighted 
to counterbalance part of the load. This worked excellently and 
did away with the use of the brake at the lower terminal. It also 
relieved, though it did not entirely overcome thejrise and fall of 
the rope caused by having a brake on both terminals of the rope- 
way, the action of which is to create an accelerating motion, on 
account of one brake holding the rope fast while the other lets 
it loose. 

The brakes were originally provided with hand wheels worked 
by screws, which is not a good device for regulating the speed. 
The screw is the worst form that can be used on anything like a 
ropeway brake, as it cannot be adjusted quickly enough. It 
takes so long to stop the speed, that when set the rope will al- 
most stop before the brake can be taken off; and if eased, the 
rope will run away before the brake can again be set. After both- 
ering a year with the hand-whee! brake, I connected the brake 
with levers, which were taken out to one side of the terminal 
frame at the bottom, the foot lever extending five feet out from 
the side of theframe. With this, the adjustment was quick, and 
it did away entirely with the accelerating motion of the rope, 
which subsequently would run for hours at a time without any 
rise or fall worth mentioning. 


HorizontaL Turn SHEAVES AND ALTERATIONS IN STRUCTURES.— 
In making provision for the alignment curve, shown upon Plate 1 
(see plan), I had been instructed by the manufacturer of the rope- 
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way to use vertical curve sheaves. The turn was made on three 
structures, one twelve feet in advance of post 8, another fifteen 
feet back of that post. The sheaves were nicely set to the line of 
the curve, each one taking its share of the load, which was very 
little; however, coming here as it did so near the natural sag of 
the rope. Under this arrangement, the rope on the inside of 
the curve, which was the loaded side, kept perpetually falling 
off when least’ expected. -On the off side I put a horizontal 
sheave in the beginning, and that side gave no trouble. A hori- 
zontal sheave could not be ‘used on the inside of the curve on 
account of the: construction of the clip, which has a projecting 
arm or shaft attached to the rope. 


The first day’s run proved that the deflection curve arrange- 
ment as then constructed was not practicable, and it was de- 
cided to substitute horizontal curve sheaves, which were tele- 
eraphed for. This, however, involved a change in alignment, 
as the horizontal curve could not be got in on the spur of the 
hill’ upon which the turn with vertical sheaves had been made, 
and this change required the position of the ropeway supports to 
be shifted for some distance on either side of the turn. It had 
also become apparent that trees were not adapted as supports to 
such long spans, and while they may do well enough where spans 
are’not greater than 150 or 200 feet, I should not use them 
again. -Atthe end of a week it was found that while the clips 
were riding on the rims of the sheaves where the posts were 
used, there was no perceptible wear on sheaves at the trussed 
structures. Pending the arrival of the sheaves for putting in 
the horizontal turn, the following alterations were made, none 
of which interfered with the’ operation of the ropeway in the 
meantime: 

A truss frame was set around post 12, and new structures on 
the trussed pattern were built’ to take the place of 11 and 10. 
These latter were set out to one side of the old posts, and were 
not used until the horizontal turn was put in operation. 

To take the place of post 8, I made a terminal structure (see 
Plate 5) similar to the end terminals, and had it set 35 feet to the 
right of support 8, and in a direct line with the upper terminal 
-and post’ 7. The horizontal 7-foot sheave, shown in the drawing, 
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is. set to conform to the angle that the rope comes in on from post. , 
10, as should always. be.done. in similar cases.. The structure 
carries an upright post, upon which is mounted the sheave to 
carry the rope of the unloaded side of the ropeway. This sheave 
is set high enough for the bottom of the basket to run clear of 
the turn sheave in passing over it. The superstructure is bolted 
to a foundation similar to that of the terminals, 

At point 9, I built a similar structure (omitting the upright 
post. and sheaves), in line with posts 7, 6, and 5, and provided 
two extra supports, between it and post 7,.1n order to carry the 
ropeway over the intervening knoll, and to clear the buckets 
where the loaded rope crosses itself (see sheet 1, plan). These 
were made like the trussed frames shown in Plate 3, with the ex- 
ception that they have an arm.on one side only, baving but one 
carrying sheave each, In place of post 7 a new structure, twenty- 
two feet high, was built, as shown in Plate 6, carrying two verti-.. 
cal sheaves on the top of the frame on the loaded side, and two 
vertical and one horizontal. sheaves on the other side. This 
horizontal sheave was to make the turn on the unloaded side of 
the rope. 

When the horizontal sheaves arrived at Plomosas, they were 
put in place, and 820 feet of rope spliced into the line. Great 
care was used in letting out rope on the new sheaves, as they ap- 
peared suspiciously light, and in fact before half the strain came 
upon the sheave on which.I was letting out on, it broke in pieces, 
one section of the rim being thrown forty feet from the support. 
Having only a month’s supply of wood at the mill, I proceeded 
to build two 7-foot sheaves of wood, with a hard wood seat set 
on ends, and got the ropeway running again in ten days. These 
wooden sheaves gave good satisfaction. They were used for 
over a year, until replaced. by heavy iron sheaves made after 
my own design, and which were strong enough to meet the re- 
quirements. | 


_ Reparrine anp Spricinc,—After running the ropeway two, years, 
the splices commenced to give away at.the points where the two 
metal strands are tucked into the, rope, to. take the place of the 
hemp heart.. I commenced repairing, by. splicing, in new strands), 
to take.the place.of those. worn out,- After repairing six, places. 
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in this way, I concluded to renew the splices entirely. There 
being eleven splices to renew, I decided to put in two long 
pieces of rope instead of eleven short ones. The eleven short 
pieces would have taken 1760 feet of rope and needed twenty- 
two splices; the two long pieces were 520 feet each, requiring 
only thirteen splices. 

Having marked the splices, to make them readily visible, the 
baskets and clips near splices were detached, and the rope- 
way loaded lightly. When a splice arrived near post 3 (the 
ground between supports 3 and 4 being easily accessible), the 
rope was stopped and dismounted from the sheaves at that point. 
The rope was then cut at the center of the old splice, and after 
securely fastening its lower end, the piece to be inserted was 
spliced to the upper end of the old rope. The lower end of the 
new piece was secured with block and tackle, but in a manner to 
allow of its being easily fed out when required. 


Commencing near the upper terminal at post 12, the rope was 
thrown off the sheaves at points just above where a splice 
was to be made, and after making it securely fast so that it could 
not get away (using two clamps for security), enough rope to 
make a splice was drawn up from below, the same length being 
paid out from the lower end of the new piece. When the rope 
had been cut at the splice and a new splice made, it was re- 
mounted on the sheaves and the slack taken in below. The 
reason for keeping the rope taut all the time was to avoid 
dragging buckets on the ground at low places while the rope was 
being moved. 

The order in which the splices were made was not consecutive, 
but so arranged as to take advantage of the ground and make 
splices when in the position nearest to the carrying structures. 
For this some latitude existed, as each splice as it was made, of 
course shifted the position of all the splices below it uphill, by 
the length required for making one splice. Even thus, some 
splices could not be brought closer than 200 feet from supports, 
in which eases difficulty was found in attaching the clamps to 
the rope. A rope ladder was then used to climb up to the wire 
of the ropeway, and this was brought to the position where it 
was desired to use it, by passing it over the line at the nearest 
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support and sliding it along the cable until in the proper posi- 
tion, swinging it over any intervening buckets. 

After finishing one side, I let the cable makea half turn, in 
order to bring the other splices upon the unloaded side of the 
line, and then went through the same operation as before. The 
time and labor consumed in making the thirteen splices was 
nearly as much as if I had made the twenty-two splices and insert- 
ed short lengths. Inthe latter case, the splices could all have been 
made at the turn between posts 8 and 9 without much trouble, 
as the ropeway could have been moved after each splice was made. 
The reason for putting in only two long pieces: of rope instead 
of eleven short ones, was to keep the surface of the rope as even 
as possible; for when a new piece of rope is spliced to an old one 
that is stretched and worn, the new strands will stand out some- 
what from the old ones, and will wear out very rapidly. Then 
again, the double number of splices that would have to be put 
in, would become troublesome if the rope should last long 
enough to require renewing a second time, which I do not doubt 
will be the case. 

It may appear strange that the wear upon the rope at splices 
should have been so much greater than elsewhere. A flexible 
wire rope (nineteen wires to the strand) can indeed be spliced 
so that there will be little difference in the wear, but in a rope 
of seven-wire strands made outiof plough steel, at the points 
just above and below where the two steel strands are inserted 
into the core and take the place of the hemp heart, there is a 
spot (about an inch in length) where the rope has seven strands 
instead of six at the circumference. This makes the diameter 
greater, and increases the wear at the splice. Another cause of 
inequality is that at this point, just below where the steel strands 
enter the core, there isa length of say one and one-half or two 
inches that has no heart at all. Sometimes an outside strand 
will crush into this cavity, exposing the other strands to undue 
wear. In a flexible rope the strands can be set together with a 
mallet so that the splicing cannot be noticed. 


Care or Caste on Ropewars.—The wire cables on ropeways need 
care, and like all other elements of machinery, require proper 
lubrication, which they seldom receive. Tar is the preservant 
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generally used. During a year and a half, I used Swedish tar, 
or a tar that was sent me under that name. This was mixed with: 
boiled linseed oil. I had the two boiled together and. the mix- 
ture distributed on the rope in the usual way, once’ a week. 
This was found an expensive and imperfect method, for the 
seats of the sheaves did not retain any of the tar after one day’s » 
run, and owing to the heat of the sun, I suppose, the tar hardened 
and baked on to the rims of the sheaves, giving no protection 
whatever to either rope or sheaves. 


I subsequently changed the mode of application by letting 
the tar continuously drop on the rope, about a drop falling 
each minute. 

This was a decided improvement over the first method of ap- 
plication, as the sheaves and rope retained a light coating of tar 
all the time, and the wear on the seats of the sheaves was re- 
duced greatly after the continuous use of tar on the rope was 
commenced, while the sheaves ran four months before the tops 
of their rims had to be cut down, which previously had to be 
done every month at some points. 

Tar is, however, a very poor lubricant or preserver of rope that 
is operated under exposure to the sun, as the heat takes up what: 
little lubricating properties it contains. 


After running the ropeway a year and a half, I had occasion 
to replace a damaged strand, and found that the tar had not 
penetrated the rope. I also noticed a good deal of wear on the 
wires between the strands, caused by friction in bending when 
passing over the sheaves. I then tried black West Virginia oil, 
which was put on with an automatic lubricator, using three gal- 
lons per month. At the end of four months I examined the 
inside of the rope again, and found it thoroughly saturated with 
the oil, the sheaves also showing less wear. 

My expectation that the oil would preserve the Manilla core 
of the rope proved correct, for in renewing the splices, after 
using the oil six months, I found the hemp softer and more dis- 
posed to come out readily, without breaking up as much as 
before. The oil seemed to prevent the burning up of the core, 
which would in itself be.a recommendation for its use; for ‘a rope 
in which the core is destroyed is of little further use, as. it will’ ' 
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wear out very rapidly on account of the unevenness of the 
strands. Whether due to the oil or not, the rope did not show 
much wear during the last two years. There was also quite a 
difference in the wear of the carrying sheaves, as they lasted 
six or seven months without the tops of the rims having to be 
cut off, and there was less wear of the grips on the terminal 
sheave. 


COST OF CONSTRUCTION. 


The items of Cost of Construction of the Plomosas Ropeway 
are as follows: 


Upper Terminal: 


‘Timber foriramerandrsleepete suey ayn weer ees ess $ 13 75 
Cuttine foridati omilo get ae rer nein rr een 5 4 70 
Digging trench, setting foundation and re-splicing.... 68 00 
Framing and setting structures and track............ 85 00 
Mounting. grip sheave, brake wheel and all terminal 
PIS CDINSN teat yaaa ee eee. es 21 00 
HS eee ee ote Wen $2 kg 4k era ee Cid.) AN $ 192 45 
Lower Terminal: 
DSTO at eRe ily cs Sis. dies ak Ps ee IE te 6, $112 00 
Track, framing structure, setting-and mounting term- 
Iau MBOhINeLy sweety Je. cet an's ee LS o 106 00 
ANG Naa Uae ae A ae ert OE Oe 218 00 


Intermediate Structures: 
Five trees fitted for posts—Cutting tops off 


Hees, AMCINGING Staging. 2. .... 2s ne eeeree Lo. 00 
Fitting cross-arms, bolting, mounting jour- 
Males CUlCOs OU Ve). 6G, 5, 1.004 Poe 85 00 
————— 103 00 
Structure No. 6, 400 ft. lumber.............. 276 00 
Prawing ee ae es hk dade pokey de, 14 50 
Blasting and preparing foundation .......... 42 00 
Hoisting to place and setting................ 26 00 
Getting sheaves from mill and mounting..... 11 00 
369 50 
Sir Chu rord MmeOTDlLOtG. poi. oi wee ah me ee aide «a 287 00 
ptiucturess Noe aiand 4, complete... ..i8lee.i seas. 92 00 
Special structure No. 2—Lumber, framing, excavating 
Metal ee rye Lawes. 8 oe UES SAME 4k Nea IC Aes Sa 105° 75 


2 
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Counter Weight Tower—Timber, framing and mount- 
IND Suh Ty weteh RIE ue EE Pawel ek wees ae 169 00 
Remodeling structures from Post 12 to Post 6, includ- 
ing structures'to make the turn. ................ 332 00 
Total forantermediate structures ............oeeeee ees 1,458 25 
Stretching, splicing and mounting rope on entire length, at- 
jaching iclipssand paeketseo 6 2.1... sak ogee ee eee 255 00 
Total Cost woisconstruction ...... ... 2.2 « Olee eee PAZ 0 
Ropeway material and transportation..........-2.1-: 2.2 2s-sa- 15,454 00 
Opening roads and renatring-old ones... .... 2 anaseR eee 1,822 30 
Lotalator ropeway in running order....;.. 225 eee eee $19,400 00 


COST OF OPERATING ROPEWAY NINE MONTHS, DELIVERING 
5,900 CORDS OF WOOD. 


CO sDTRROMI Melee. | cols ke ae 's carn <i. 0ly sco gm pene GOR anae a ee $468 00 
hreemoen silliness. s,s. sods bik ce ee ee eee 702 00 
Une Maa ed CM PIN Pies. ec no. « Sc dae do (hy ete 354 00 
One man looking after line and oiling....... Apts tee eee 234 00 
OPE. Set. ose 5) ee RM ara EE Le, a ic al pty 117 00 
Repairing (which was very heavy, being $2.25 per day)........ 526 50 
Two men employed to wheel wood away from Ireminal......... 468 00 

Two men to receive wood from choppers and deliver it to the 
DAGKOEGMEENe sla c'e. 6 sao oy ee Ren a ent, ets eee rene 702 00 
AN) 5. thi deg ie Eee Soe eee amen ee a yc $3,571 50 


SUMMARY OF COMPARATIVE COSTS. 


The cost at mill of 5,100 cords of wood before Ropeway was constructed 
was as follows: 


During the year ending June, 1884, 5,100 
cords of wood were consumed, cost- 
ing $11.25 per cord at mill, making... $57,371 00 





Labor (handling wood at mill)........... 3,360 00 
Freight on corn and provisions to wood 
ranch wee re. 6 es... sss Pee 1,075 00 
Making a total cost for the 5,100 cords............. $61,806 00 


Cost at mill of 5,900 cords of wood by Ropeway: 


5,900 cords of wood, delivered at Upper 
Terminal, at $2.20 per cord.......... $12,980 00 
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Cost of delivering same by Ropeway (as 
ADOVE) 4 J eee eet ko 3,571 50 








In‘ delivertnd charconmsee pm aeree eee ls oe, $1,350 00 
In delivering boardsmand amber. 270s. 2h. 22)... 1,460 00 
Allowance for return freight on corn and provisions.. 1,075 00 
Of the 5,900 cords delivered, 800 cords were sent to the 

mine by return freight, on mules that brought 











COWDSOTGR aig Pena tLe hat Lele irc 6 oo, nun» 3,840 00 
——— 7,725 00 
Thus making a total saving for the year of. fae we oo LOL 
Deducting the cost of constructing Ropeway................. 19,400 00 
Saving to the company at the end of the first year, after 
deducting the whole cost of Ropeway................$33,579 50 


Six years’ experience has afforded the writer opportunities for 
studying the causes of wear and the difficulties to be contended 
with in operating wire ropeways upon steep grades. The slip- 
ping of the clips on the rope is the most fruitful source of delays 
in operation; the contact between the clips and sheaves, the 
chief source of wear and the main obstacle to the life of both 
rope and sheaves. The cuts shown upon the following page 
illustrate the form of clip, which has been devised to remedy 
these evils.* They are not the clips used on the Plomosas 
ropeway, which were of the Hallidie pattern. 

The clip is made in two parts, B and C, which are connected 
with a pin, H, thus forming a hinge that opens upwards. 


On the extreme end of the body, B, is the spiral web, A, that 


* Manufactured from the author’s design by the Vulcan Iron Works, San 
Francisco. This firm also manufactures a simple loading device for filling 
buckets on the ropeway automatically, which can also be used to transfer the 
load from the buckets of one ropeway to those of another, which would be 
necessary provided the length were more than three or four miles (depend- 
ing, of course, somewhat upon the amount of material to be handled in a 
given time.) 
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enters the rope. On the other end are two prongs, 8 and 9, 
which are drilled to receive the pin, H. The part C has on one 
end the round shaft C, on the other end is the lip I, that seats on 
the body, B, thereby forming a solid body in one way, while an 
obstruction touching the bottom, raises it up, as shown on 
Plate 4, lower figure, right hand side. 

The spiral web, A, has concave corrugations 1, 2, 3, 4, 5, and 
the convex corrugation 6. This spiral is made to conform to 
the pitch of the strands of the rope and to the size of the strands 
aiso, so that the rope fits accurately in the corrugations. 

No. 1 is to receive the heart or core of the rope, while 2 and 
3 are to receive the two outside strands of the rope. The third 
of the three bottom strands lies underneath the heart, which lies 
in the score 1. 











The convex corrugation 6, on the top side of the web, is to take 
the place of the upper half of the heart. Nos. 4 and 5 each take 
one strand of the rope, while the third lies on top of corruga- 
tion 6, thus forming an almost perfectly round rope. 

On the arm, GC, is cast a solid collar, D, a loose washer, F, being 
placed on the end, with a split pin, G. Between the collars D 
and F goes the hanger, which carries the load. 
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The action of the clip, on coming to a sheave, is as follows: 
The body, B, comes in contact with the rim of the sheave, and 
is raised up as it travels over it. Asit passes to the other side 
it falls gradually until the lip I comes in contact with the body 
of the clip, B. During all this operation the shaft of clip C re- 
mains in a horizontal position. 

The clip being hinged, and inserted into the rope without 
changing its form at the point of insertion, presents no protu- 
berance on the rope, and allows the clip on coming to the sheave 
to pass over if without jar to the rope or throwing the load out 
of its vertical position, and avoids the serious swinging mo- 
tion occasioned by the use of rigid clips. The hinged form of 
the clip also admits of the use of deep, wide grooved sheaves, 
which prevent the rope from ‘‘ jumping out,” as is so apt to 
occur with the ordinary sheaves in use, the rims of which have 
to be kept cut down to one-half the diameter of the rope. Be- 
sides being readily attached to the rope, this form of clip has 
the peculiar advantage that it can be easily advanced on the 
rope from time to time, thus presenting a new portion of the 
rope to wear and prolonging its life. The clip is not expensive, 
and it has an advantage over other clips which need heating to 
bend them round the rope, which affects the temper of the rope 
and reduces its tensile strength. 
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Model showing Terminals, Intermediate Supports and Line in Operation. 





Plate I, 
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Plan and Profile of the Plomosas Line. (Measurements in metres.) 




























































































Plate 2. 
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Plan and Elevation of 








Terminal Structures. 
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Plan of Trussed Supporting Structures or Station Frames. 


Plate 3, 











Plate 4. 
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Plan of Counter-Weight Structure. 
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Details of Station Frames showing position of Clips in passing 
Sheaves and between same. 
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Plate 5. 
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‘Horizontal Turn Sheave Structure to replace Post 8. 
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Plate 6, 
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Deflection Structure to replace Post 7. 
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Nore,—This Society is not responsible, as a body, for the statements and opinions 
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(VotumME VII. No. 4.) 





A DISCOURSE ON BALANCING CENTRIFUGAL 
PUMPS. 


By J. Ricnarps, Mem. Tecnu. Soc. 
Delivered August 15th, 1890. 


Balancing Centrifugal Pumps is the announced theme for my 
remarks, but before entering upon that subject I think it will be 
a matter of interest to the members to say something of the 
nature, origin and history of these useful implements, especially 
as this matter is not very well understood. 

Centrifugal pumps are the latest invented among water- 
raising machines, if we except a few that are not widely known, 
such as that of Dr. Pohlé, for example. Other standard pumps 
are centuries old, and for a long time there has not been much 
change in the principles of their construction, but as remarked, 
centrifugal pumps are a modern invention, not dating back more 
than fifty years in any recognizable form. 

I have said they are imperfectly understood, and to support 
this statement and in advance of saying anything of their his- 
tory, I will refer to a report of the American Commissioners who 
were appointed to attend the Vienna Exhibition in 1873, to 
report on machines and manufactures shown there. This com- 
mission consisted, as now remembered, of five engineers, and 
among the rest, Mr. Robert H. Thurston, a very eminent engineer 
in this country. 

I am not able to give you the exact words of the report, but 
the substance of it involves the following propositions: 
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First. Appold was the introducer of this class of pumps. 

Second. They were mis-named ‘‘ Centrifugal,’ because they 
do not operate by centrifugal force at all. 

Third. They operate by pressure, the same as a turbine water- 
wheel. 

Fourth. When people understand their method of operating 
we may expect much improvement. 

Fifth. They should have disc runners, because the fan wheels 
will soon wear out. ; 

Comment is not necessary; and I think in the face of this 
‘‘information,” now only seventeen years old, my proposition 
that the pumps are not understood, will be conceded. 

The report mentioned goes on to say that they seem to be very 
simple machines, involving no intricacy whatever. I think the 
members of that commission are better informed now, at least it 
isto beso hoped. I once thought myself, that these pumps were 
very simple machines, but when I commenced the manufacture 
of them here in California, nine years ago, I soon found to my 
astonishment they were not simple machines at all, but on the 
contrary, very intricate machines, involving many peculiar prin- 
ciples and conditions that nobody would suspect until they tried 
the experiment of working them under high and low heads, and 
other varying conditions. 

Prof. Unwin, who is perhaps as eminent as almost any living 
man in the science of physics and dynamics, three years ago, in 
discussing centrifugal pumps before an association of engineers 
in London, said, among a great deal beside that was very true 
and intelligent on that subject, that a centrifugal pump ‘is 
simply a reversed turbine water-wheel.” In view of these facts 
thus briefly stated, I think there is a great deal to learn respecting 
centrifugal pumps, not only in a popular way, but among the 
engineers of this and other countries. 

While the theories and principles of constructing such pumps 
seem to be reliable and correct mathematically, our present 
theoretical rules cannot in many cases be applied in practice, 
and it requires different proportions of various parts from what 
computation will furnish. 

In respect to the diameter of the wheels, for example, I think 
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that so far as any theory of this matter has been laid down, that 
our fellow member, Mr. Luther Wagoner, has furnished the only 
premises by which the best practical results can be obtained; and 
at the end of what I have to say I will ask him to explain his prop- 
ositions respecting a theoretical diameter of centrifugal pump 
wheels. Theoretical dimensions for the wheels are not, how- 
ever, applied in practice; neither can the section of the water- 
ways be made uniform. The curve of the vanes cannot have 
any rule because the form varies with the head, and there are 
other elements which have to be adapted to the circumstances of 
use in each case. 


Fig d 














I promised to say something about the history of these pumps. 
Centrifugal pumps are, so far as I know, an American invention. 
A very good centrifugal pump was made in the United States as 
early as 1818, thirty years before any pumps of the kind were 
madein Europe. I donot knowjust where, but I think somewhere 
near Boston. They operated very successfully, and a number of 
them were made. In 1830 such pumps were exhibited in the 
city of New York at an exhibition held there. They were then 
called the ‘‘ Massachusetts Pumps,’’ and are illustrated in Fig. 1] 
of the drawings. As remarked, I have never been able to find 
out who was the inventor of the original Massachusetts pump. 
It was perhaps an ‘‘ evolution” of a neighborhood. 
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In 1839 Mr, Andrews, of New York, improved the pump by 
applying the volute or spiral casing. This added a good deal 
to the efficiency at low heads, but nothing perhaps at high heads. 

About that time Mr. James Stuart Gwynne, of London, now 
of the firm of Gwynne & Co., Essex street, Strand, in the same 
city, resided in the United States, and while at Pittsburgh, Pa., 
had his attention drawn to this Massachusetts centrifugal pump. 
He wasa mechanic of some practice and of a good deal of ability, 
as he has shown since taking up the construction of centrifugal 
pumps as a business. He introduced the encased wheel, such 
as is shown in Fig. 4. The invention of encased wheels is due, 
however, to Mr. Andrews, an American, before mentioned. 

About 1846 Mr. Gwynne went back to England, taking with 
him the centrifugal pump, called the ‘‘ American Pump” in 
England at that time. He commenced its manufacture there, 
and very successfully. At the Exhibition of 1851 he was met in 
competition by Mr. Appold, whom the American Commissioners 
to Vienna claimed to be the first inventor of these pumps. I will 
mention here that in our country Mr. Appold comes in for a 
great share of the credit for inventing centrifugal pumps; but I 
am inclined to the opinion that he is entitled to very little credit 
in connection with the pump. He has never done anything 
but proposed curved vanes. Previously these had been made 
straight, or nearly straight. As to the value of that invention, 
I will digress a little and say something about the vanes, al- 
though this is hardly the proper place to introduce them; but I 
want to explain what Mr. Appold had todo with these pumps. 


The diagram, Fig. 3, was submitted to an engineering Journal 
about three years ago by Mr. Charles Brown, of the firm of 
Sulzer Bros. of Winterthur, Switzerland, which I believe is one 
of the foremost among the machine shops of the world; I also 
think Mr. Brown one of the most eminent engineers living at the 
present time. In the construction of recent Government works 
in Italy, which are very extensive, he was selected by Sir Wil- 
liam Armstrong & Co. to put down their novel and extensive 
plant, which was done in a very successful manner. 


He says: ‘‘About 1856 I carried out a series of experiments to 
determine the best form and proportion for centrifugal pumps, 
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and found that the form of vanes had a great influence on the 
speed required. The sketch shows the form of vanes experi- 
mented on. The total lift was in all cases 45 feet. The 
inner and the outer diameter of the disc was as 1 to 3—that is, 
the inlet pipe was 10, and the diameter of the runner 30 inches, 
or those proportions. The water rose to this height, but without 
any discharge, and the wheel required a velocity in feet per 
second = 7/2gH with the form of blade A. B required con- 
siderable more. C required still more. D required a velocity 


— 7/2gH x 0.82. This you recognize as not the Rankine curve, 
but an approximation. D was the best in every respect, and I 


continue to use it. 
(Signed) Cuas. Brown. 
September 17th, 1886.”’ 


The diagram, Fig. 3, is a reproduction of Mr. Brown’s sketch 
referred to in his letter just quoted. 


QD 


Lig.d 





I have introduced this matter here to show you how little 
Appold’s curved vanes had to do with the improvement of cen- 
trifugal pumps. I will remark, that in my own experience the 
shape of the vanes does not involve a great deal. If a pump 
is working against a low head, I think that a flat radial vane is 
nearly as efficient as acurved one. The greater the speed of the 
wheel in proportion to the water, the nearer the vanes should 
terminate in a tangent. 
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An able firm, Messrs. Easton & Anderson, of London, took 
up Appold’s plans and put them into competition with Gwynne, 
but declined to go into comparative tests at the World’s Exhibition 
in 1852. Mr. Gwynne’s firm being now a very strong one, they 
continued to control the market in England for these pumps; 
and it is my opinion that had Mr. Appold never seen a centrifu- 
gal pump the art would not have been much hindered, although 
Messrs. Easton & Anderson have made many large and success- 
ful plants, and are now prominent makers. 

One more point in the history of centrifugal pumps deserves 
some attention, and that is the experiments of Mr. Bessemer, of 
steel fame. He was, as you perhaps know, fora long time iden- 
tified with the designing of sugar machinery, and I believe is the 
true inventor of the centrifugal extracting machine. During his 
experiments with the extractor in London, he was led to the 
centrifugal pump. He invented and patented a system of cen- 
trifugal-acting pumping machinery, in which he ignored entirely 
the tangental energy of the water as it leaves the wheel. He 
thought that was of no use. We have an American invention of 
the same pumps fourteen years before Mr. Bessemer’s. It is 
shown in Fig. 2, and was invented by Mr. Blake, of Connecticut, 
in 1831, All that Sir Henry Bessemer did was to modify the 
pump in various forms— ingeniously in some cases — to be 
driven by wind, water or steam. He wrote a long essay upon 
the subject. His pumps never had much efficiency for low 
heads; at high heads they might have done very well. 




















I will remark here that this long and tedious development of 
the centrifugal pump was characteristic of a past period; sucha 
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condition could not exist in our time. If this class of pumps 
were discovered at this day, they would no doubt receive more 
development in a single year than in the forty years that is cov- 
ered by the facts recited. 

We have a proof of this in dealing with so intricate and intan- 
gible an element as electricity. We have seen it, in all of its 
extensive uses put on a scientific basis, reduced to an exact art 
within a period of ten years or so. 

I now come to the main subject. 


‘© BALANCING CENTRIFUGAL PUMPS,” 


Among the phenomena that arise in working these pumps, is 
unbalanced pressure. We generally find, after making an 
unbalanced pump, that it burns out its bearings. This is sure 
to be the case if it is not supplied with the necessary balancing 
arrangement, the shaft and bearings are soon destroyed, be- 
cause the pressure exceeds the limit allowed for bearing areas. 




















I am referring now to a dise lke the one in Fig. 5. But 
before I speak of this pump, I will mention in connection with 
Fig. 4, that this encased runner or wheel, an invention of Mr. 
Andrews, was one of the things that James Stuart Gwynne took 
to England and introduced in his first pumps, and continued to 
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manufacture for several years, but subsequently abandoned. 
Neither he nor his brothers John and Henry Gwynne have 
made encased runners for twenty years past; using only open 
wheels. 


Fig. 4 is a vertical section through a pit pump, as it is 
called here in California, from designs of mine-made four years 
ago. 

The water enters by double inlets G, at the top of the pump, 
and then through the nozzle H, to the interior of the wheel I, 
and is discharged at the periphery J, into the casing L, against 
a pressure due to the head. The heads are from 50 to 90 feet, 
and if, in this case, we assume 60 feet, then the pressure at J, 
J, and also in the spaces D and E, above and below the wheel, 
is 60 & .48 = 25.8 lbs. per inch static, or about 30 lbs. working 
pressure per inch of area. 

Suppose the wheel I to be 30 inches diameter, then the area 
706.8 times 30 (Lbs. pressure) gives 21,204 lbs., or more than ten 
tons of pressure on each side. Following this matter of internal 
pressure further, suppose the casing J to be 40-inch diameter, 
then the pressure on the top and bottom plates will be about 
eighteen tons. This seems enormous, and it is also in a sense 
anomalous, because if the wheel I is changed to the form 
shown in Fig. 6, there is no lateral thrust on it at all, and 
the pressure on the casing J is nothing, or negative at the cen- 
ter, and the whole less than one half that before estimated. 

Now as to balancing, we will return to the wheel I, Fig. 4. 
It has been explained how this wheel sustains on its sides a 
pressure of 21,204 lbs., working under a head of 60 feet, and a 


speed of 10 1/60—77.4 ft. per second, but the whole area of the 
sides is not exposed. The inlet F, must be deducted from the 
top side. The diameter of the inlet nozzle H is commonly made 
one-third that of the wheel, and in this case 10 inches, so that 
this area, 78.5 square inches must be deducted from the top 
side, and represents an upthrust of about one ton on the wheel. 
This is enough to sustain the wheel, and a shaft 24 inches 
diameter, 60 feet long, with its couplings, pulleys, etc., and 
now we come to that point which suggested the discourse of 
this evening; the control of this thrust so as to balance such 
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pumps at different heads when they have the same area of 
mlet at F. 

It must be remembered that in the mentee given, I have 
assumed: that no-rotation of the water, and no centrifugal effect 
takes place in the spaces E and D. This is the case when the 
runner or wheel is turned true and smooth as it should be, and 
fixed baffling vanes, M, are employed on the outer casing. It 
is evident that if rotation is set up in the spaces EK and D, then 
whatever centrifugal force results, is that much toward bal- 
ancing the pressure. in J; hence the amount of upthrust due to 
the inlet at F can be regulated by the amount of water rotation 
under the wheel at E; and this is the method I have adopted 
in these pumps, applying shallow vanes, K, on the bottom of the 
wheel of varied length and depth to suit the heads under which 
the pumps are to operate. 

This is a very sensitive kind of balance. In one case, in the 
Santa Clara Valley, one inch cut from the tips of the vanes, K, 
which were only 2-inches square, made a difference of more than 
300 lbs. in the thrust upon the shaft. If the space Eis much 
widened by the raising of the wheel, then the effect of the 
vanes, K, is less, and the upthrust is cumulative, increasing as 
the wheel rises. This feature has been discovered during six 
months past in practice, and was not foreseen in my original 
plans. 

One other feature I must point out here. In all pumps with 
encased wheels, there must or should be maintained a water- 
tight joint around the nipple, H. Any water forced back around 
this nipple will re-enter at the inlet F, and merely circulate in 
‘the pump. This is an objection to encased wheels, one hard 
to obviate, and should prevent them being used for pumping 
water containing grit or sand. 

Referring next to Fig. 5, the pump shown is the result of six 
years’ pretty constant experience as well as observation in this 
and other countries, and I think it will be a pardonable claim 
if I assume it to be one of the nearest approximations to theoreti- 
cal practice that has been’ made up to this time. 

The inlet, A, is at the side, so as to be accessible and easy to 
remove. The main casing, T, is volute in form usa so constructed. 
as to be set in aly position on the frame. 
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The course of the water from A, through B to J, is by easy 
curves, and the area of sections is kept as nearly uniform as pos- 
ible. The packing around the spindle is placed inside the main 
bearing, and there is, by reason of the concave form, but little 
overhang of the wheel. 

Now as to balancing. The wheel, as may be seen, is a disc 
with vanes, B and I, on its front side. This disc, if 30 inches 
diameter, made solid, and without vanes C on its back would, 
under a head of forty feet, be subject to a lateral thrust as fol- 
lows: Area of wheel, 706.8 inches; speed in feet per second, 


10 1/H; pressure per inch 19 lbs.=138,429 Ibs. 


Fig.b 
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This is impracticable, hence the wheel is balanced in the fol- 
lowing manner: On its front are deep vanes, I and B, and on 
the back are shallow vanes, C. Now it is evident that centrifu- 
gal action is the same or nearly the same on each side of the 
wheel, but all the water passes on the front of the wheel. The 
rear or balancing vanes, C, are not quite as long as the main 
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ones, I. There is a difference of 2-in. to #-in. at the tips, as 
seen in the drawing. This slight difference causes the centri- 
fugal force on the front to overbalance that on the rear of the 
disc, causing a slow circulation of water over the periphery and 
through the holes, O, from the back to the front, just the reverse 
of what one would suppose. 

Now I maintain that a pump thus balanced is as nearly in 
equilibrium as one with a forked or double inlet, and is more 
likely to remain balanced, because there is less danger of ob- 
struction, and, as can be seen, the waterways are more direct and 
easy. 

Thus it will be seen the working conditions of a pump are 
wholly changed by the kind of wheel employed. If the wheel 
is encased the whole interior of the pump sustains the discharge 
pressure. With an open wheel there is no pressure at the cen- 
ter, and only one-half as much on the sides of the casing. 





The friction is the same in both cases. With the enclosed 
wheels the friction is between the wheel and the water. With 
an open wheel, the friction is between the water and the main 
casing at the sides. 

Except in cases like Fig. 4, where thrust is desirable, I am 
inclined to think that open wheels, or wheels with vanes on each 
side of central disc are preferable. 

Fig. 6 shows an open wheel for a dredging pump, such as I 
have employed in a pump recently designed for the San Fran- 
cisco Bridge Co. of this city, and also with a slight modification 
for a pump to be used in the harbor at Boston, Mass. These 
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wheels are made of steel and with five vanes, so as to admit 
stones or lumps of clay between them. There is no chance of ob- 
struction, and in dredging there is no disintegration of the mate- 
rial beyond reducing it to the size of the discharge pipes. I 
have recently seen one of these pumps carrying more than fifty 
per cent, of solid matter. 


Dredging pumps are commonly made with encased wheels, 
to prevent the vanes from breaking, but this class of pumps 
more than any other, requires open wheels. In 1885 I con- 
structed in this city an open-wheel, single-suction pump, that ran 
for months without choking or accident. 


Dredging pumps are also made with a double or forked suc- 
tion, under the impression that this is required for balancing 
the wheel. This, as I have shown, is not necessary, and it need 
hardly be said that the tortuous passages and reduced sec- 
tion of the pipes, is extremely objectionable, causing frequent 
stoppages and accidents to pumps of this kind. 

The wheel shown in Fig. 6 is strong enough to withstand 
blows from stones or pieces of iron that may enter the pump, 
and moreover is more efficient, and requires less power than an 
encased wheel. 

The lateral thrust on a wheel of this kind is equal to the 
area of its shaft multiplied into the suction pressure, or about 
80 lbs., just enough to keep the wheel in alignment if its bear- 
ings should wear. 

In conclusion, I will say that centrifugal pumps have recently 
received a good deal of attention, and I think we are on the eve 
of having measurably fixed proportions for them. ‘The size of 
the wheels for centrifugal pumps can probably never be made 
to correspond with the demands of theory, because the practical 
limit of speed for wheels is what the shafts and bearings will 
endure, 

I have read all the literature I could find on {the subject of 
proportions for the centrifugal pump, but I find no intelligent 
answer to the problem of the size of wheels except that of 
Mr. Wagoner before mentioned. 

The limit of speed in these pumps is, as before said, to be 
found in their bearings; the size of the apertures are determined 
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by the obstructions that may have to pass through with the 
water; the thickness of the casing, and various other features, 
may be determined theoretically, based on the strains in most 
cases. What we will have in the end, probably, will be a com- 
promise between the theoretical, commercial and operating 
conditions, and will settle down to something like uniform 
practice. 


On this Coast I think we have done more to develop centrifu- 
gal pumps than all the rest of the United States put together; in 
fact, it has largely been done here during eight years past. The 
pumps that are being made in the Kast are constructed in many 
respects on lines taken from practice on this Coast. 





Diet USS ON. 


Mr. Wagoner—What is the greatest efficiency attained by 
centrifugal pumps? 


Mr. Richards—The highest recorded efficiency is at Ferera 
near Rome, in Italy, where there is a very large plant, where it is 
67 per cent. In Holland it has probably been a good deal lower 
than that. The efficiency of a well made pump should not be 
less than 60 per cent. Such pumps as are in the market—the 
‘commercial’ type—will not average over 40 per cent. I 
think centrifugal pumps are the most efficient we have under 
ordinary heads. 


Mr. Wagoner— What is the highest head in use? 


Mr. Richards—M. Farcot, of Paris, says his pumps work at 
30 metres; the highest heads here are 95 to 100 feet. I do not 
know what the limit is; I think there is no limit determined. 


Mr. Wagoner—What was the efficiency for such heads ? 


Mr. Richards—I am not able to say. I have noticed but very 
little difference in efficiency from a head of 60 feet upward. 


Mr. Wagoner—I have paid little attention to the subject of 
late, but will say something of the points that have been touched 
upon. Ido not think the action is that of a reversed turbine, 
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for ina turbine the water should enter the wheel without shock, 
and leave it without velocity, and that is impossible with any 
centrifugal pump. There might be room for improvement in 
pumps by adopting other forms. I have often thought it would 
be a matter of considerable interest to actually test a turbine 
wheel by driving it backwards. 


Mr. Richards—This has been done and the efficiency was low. 


Mr. Wagoner—There is another pointin regard to balancing. 
Experiments at the University of California indicate that the 
work of skin friction from the water on a disc revolving like the 
centrifugal pump varies as the fifth power of the diameter 
and the cube of the speed. Experiments with various metals 
show that the skin friction upon almost all surfaces is practically 
identical, and varies from the 1.90 to the 2.08 power of the velocity 
(see Froude on resistance of skin friction). 


Mr. Richards—I can see how the element of skin friction 
might enter into the efficiency of pumping beyond the high heads 
spoken of, but what its value is I do not know. 


Mr. Wagoner—There appears to be no doubt that the 
proper velocity per second at the tip of the vanes is ten times 
the square root of the head for the ordinary form of blades. 
With 100, 200 or 300 feet head, one gets increased tangential 
velocities, and consequently more skin friction, and it strikes me 
the efficiency must drop off. I do not dispute the possibility of 
raising water to these heights, but at what cost, is what I would 
like to know. I know such pumps have been built and operated, 
but whether economically or not I have not been able to ascer- 
tain. 


Mr. A. B. Bowers—I am greatly interested in the proper con- 
struction of centrifugal pumps, for, with me, itis a personal mat- 
ter of dollars and cents, and for this reason I have given them 
more study than I otherwise would. Much has been written 
about them, and many interesting tests have been made, but cor- 
rect principles of construction in many respects, have not yet, 
in my opinion, been fully arrived at. 

The difticulty of balancing my sand pumps with a single inlet, 
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as they work under varying heads, has led me to build them with 
an inlet on each side, so that the pressure on the runner may be 
always balanced, whatever the head—for, let it be remembered, 
pumps with inlets on only one side are fully balanced only when 
working against the heads for which they have been specially de- 
signed. JI think an involute is clearly the best curve for the 
inner ends of the vanes, and I have made, and am still making, 
experiments for the purpose of determining the best angle within 
which to generate this curve, not having yet arrived at a definite 
conclusion. 

A radial vane gives a great shock to the water at its inner end. 
This is also true, to a considerable extent, of the Rankine, the 
curved or Appold, and even of the involute vanes, the latter be- 
ing but the Appold vanes reduced to a scientific form. 

The Rankine vane is thought by many to be the best now in 
use. Itis recurved from the center, each curve being exactly 
alike and constructed to give to the vane a radial tip. I doubt 
whether this is the best possible form, though I do not care, at 
present, to say I have found a better. 


Mr. Wagoner— What is the relation between the outer and 
inner diameter of the vanes ? 


Mr. Bowers—I made my first pumps with inlets one-third the 
diameter of the runner. In my later pumps the inlets have been 
somewhat larger. I use these pumps for handling sand, gravel, 
clay and dock mud. Sand and gravel cuts out the casing of the 
pump very fast. When my pumps have handled 500,000 yards 
of sharp sand they are completely worn out. 


Mr. Wagoner—Have you used rubber ? 


Mr. Bowers—I have not. It has been used on the vanes of 
sand pumps with some success, but the wear in my pumps is 
mostly on the discs and casing, where rubber can not be so 
easily appled. 


Mr. Appold has been credited with having made experiments 
with three kinds of vanes—the radial, one inclined at an angle 
of 45°, and the curved or Appold vane, the percentages of 
efficiency being given by him in favor of the inclined over the 
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radial, and of the curved over the inclined. Gwynn’s pumps 
have radial vanes with tips turned backward, and are among the 
best in use. 

In Germany, some vanes have been made running back very 
much farther than the Appold, extending through an angle 
(measured between radial lines) something like 120° or 130°. 
With these vanes it is necessary to drive the pump with great 
rapidity, and the efficiency, even then, is low. 

There has also been tried, in Germany, a cutved inlet, for the 
purpose of giving the water a rotary motion before its entering 
the runner—with a view of diminishing the shock at the inner 
ends of the vanes, and otherwise increasing the efficiency of the 
pump. To the suction pipe was given a peculiar curve of nearly 
three-fourths of the circumference of the inlet. I cannot give a 
correct idea of this curve without drawings. I have carefully 
looked for reports on the efficiency of these pumps, but cannot 
find that they are anywhere now in use, and doubtif they were 
very successful. 


There is a recorded efficiency of 82 per cent. given for some 
centrifugal pumps at the Berlin Exposition. Iam not certain 
whether that was the Gwynne pump, or that manufactured by 
Easton, Anderson & Co. 


Mr. Wagoner—That report has been questioned by a number 
of people as to its truth. 


Mr. Bowers—I doubt the correctness of the test. I know a 
ereat many centrifugal pumps show an efficiency of less than 20 
per cent., and I think 50 per cent. is about as high as can be 
calculated upon with the best in the market. I think I am get- 
ting something over 60 per cent. with the pumps I am using. 


Mr. Wagoner— What head ? 


Mr. Bowers—We have been discharging sharp sand at an ele- 
vation of from 10 to 20 feet above the water, according to the 
state of the tide, and through 3,600 feet of pipe. We have, day 
after day, delivered 5,000 cubic yards of sand, though this is 
above the average; on one occasion, in 23 hours, the delivery 
was a little under 9,000 yards, The cut made in that time was 
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14 feet deep, 210 feet wide, and 85 feet long: 14x85x210— 
9,252 yards, but a slight inequality in the surface of the bottom 
reduced the output to a little less than 9,000 yards. 

We know a great deal more now of the true principles upon 
which to construct centrifugal pumps than we did 10 or 15 years 
ago, but there is a great deal yet to be learned, and there is room 
for careful and exhaustive experiments. I propose, as soon as I 
find time to do so, to make an extended series of experiments, 
with the hope of finding out something more than I have been 
able to gather from the literature on this subject. 

I am not yet satisfied with the ratios between the inlet and the 
diameter of the runner, the best width of vanes, or the best 
angle within which to lay them out. These are points, I think, 
which need careful testing. Most of the other principles upon 
which the pump is constructed may, I think, be considered 
tolerably well settled. 


Mr. Wagoner-—I will make this the subject of a special paper, 
as I have not time to go into it to-night. There is no question 
that the work of skin friction increases as the fifth power of the 
diameter, and that amounts in high velocities to considerable. 
Therefore it is imperative to reduce the diameter down to a min- 
imum; on the other hand, there are other factors which come in 
to prevent reduction to small proportions. 

I think that Mr. Richard’s point is well taken, that there is a 
commercial factor that enters into it. 


Mr. Jackson—I have made a good many designs for pumps, 
and a great many experiments for my own information, and I 
have decided if I were to make a runner in proportion to the 
inlet, I would make it just twice the diameter of the inlet. 

I have tested pumps up to 100 feet head, and the efficiency 
does not vary enough to be measurable. 


Mr. Bowers—In laying out the water-way passage of the 
pump, I give a large clearance at once; then I divide the peri- 
phery from there around to where the discharge has its full size, 
into twelfths, giving an increasing area for the increasing amount 
of water flowing through the water-way of the casing as it ap- 
proaches the point of delivery. We shonld enlarge the casing 
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only as fast as we enlarge the quantity of water to be carried in 
it. My object has been to prevent back pressure in the water- 
way from the water issuing from the runner, and to give this 
water abundant chance to get out. 


Mr. Wagoner—Is it your idea that the vanes act in two ways 
—by centrifugal force and by impelling action ? 


Mr. Bowers—I think so. 


Mr. Richards—The diameter of the runner, as I understand 
it, is not one of ratio to the iniet at all. The inlet is contingent 
on the volume of water that passes into it, and the speed with 
which you want to move the water. 

I will not anticipate Mr. Wagoner’s figures further than to 
say, that he has in one instance examined a pump where the 
water was carried to 1500 degrees before it was discharged. 
Whether that was right or not I leave to your imagination. 
That pump is working here now, and it will give you a clue to 
Mr. Wagoner’s premises for computing the diameter of the 
runners. 

Mr. Wagoner has raised the question of tangential energy, for- 
getting, [ think, what he said about the ratio between the peri- 
phery of the runner and the discharge current in the casing. If 
we reduce the diameter of the runner, we do not reduce the skin 
friction in proportion, because there is the increase of speed. 


Mr. Jackson—I wish to ask Mr. Richards how he explains 
the loss with an incased runner, Whatever water leaks through | 
is circulated and represents waste. Iinfer from his illustration 
that the open runner did not have that waste. 


Mr. Richards—In reply to Mr. Jackson’s question about cir- 
culation, when the whole contents of a pump are revolving in- 
side, there is no chance for circulation in the pump and no 
chance for the water to go back or circulate. 

The form of the blades, which Mr. Bowers has mentioned as 
one of the questions to be determined, I think is based on the 
head; in other words, the ratio between’ centrifugal force and 
mechanical push of the water. I think the experiments tried by 
Mr. Brown, and others, shown in figure 3, are sufficient to prove 
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there is no fixed form for veins, unless you assume the speed of 
the runner in relation to that of the water in the casing. 


Mr. Bowers gave the following account of a pump on a dredg- 
ing machine constructed by him and now working in Tacoma, 
Wash.: Runner 6 feet in diameter; 6 recurved vanes in the flyer; 
thes uction pipe 20 inches, and discharge pipe 18 inches inside 
diameter; inner breadth of the vanes at the hub 17 inches, and 
at outlet narrowed to 6 inches. The cutter allows nothing 
larger than 5 inches in diameter to enter. Number of revolu- 
tions of pump from 160 to 185. The horse power runs from 
160 to 190. 20,000 gallons per minute of clear water is dis- 
charged at an elevation of 10 feet; sometimes, when carrying a 
large percentage of sand not more than half this amount. 
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MINUTES OF MEETINGS. 


REGULAR MEETING. 


August 15, 1890. 
Called to order at 8:30 Pp. m. by President John Richards. 


The minutes of the last regular meeting were read and 
approved. 


The following donations to the Society were announced by the 
Secretary: Official Report of the Fourth Annual Convention of 
the National Builders Association of the U.S. of America, held 
at St. Paul, Minn., January 27, 28, 29, 1890; Proceedings of the 
Canadian Institute, Toronto, April, 1890; Proceedings of the 
American Association of the Advancement of Science, 38th 
Meeting, held at Toronto, Ontario, August, 1889; Minutes of 
Proceedings of the Institution of Civil Engineers, Vol. C. 


The following propositions for membership were read: 


For members—Harold T. Power, mining engineer, proposed 
by John Richards, H. C. Behr and Ross E. Browne; Chas. J. 
Koefoed, mechanical engineer, proposed by H. C. Behr,-John 
Richards and Otto von Geldern; C. I. Hall, mechanical engineer, 
proposed by John Richards, H. C. Behr and Otto von Geldern; 
James C, Gilfillan, mechanical engineer, proposed by H. C. Behr, 
Geo. F. Schild and Otto von Geldern; B. McIntire, mechanical 
engineer, proposed by H. C. Behr, John Richards and Otto von 
Geldern; Fredk. Orton, mechanical engineer, proposed hy 
A. d’Erlack, H. C. Behr and Otto von Geldern. 
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For junior—Robert Edwin Bush, graduate College of En- 
gineering, 1887, University of California, proposed by Ross E. 
Browne, H. C. Behr and Otto von Geldern. 


A letter was read from Mr. P. H. Jackson announcing extensive 
experiments to be made in testing combination structures in 
concrete and iron, and inviting the members of the Technical 
Society to witness the experiments on Thursday, August 21st, 
between 9a. M. and 5 P. M. 


E. J. Molera, H. C. Behrand Hermann Kower were appointed 
a committee to witness the tests. 


The election of Mr. Jason R. Meek, County Surveyor of Yuba 
County, as a member of the Technical Society, was announced, 
after a count of ballots. 


The exhibit of the Electrical Storage Company having been 
postponed on account of the absence of Mr. Elder, their elec- 
trician, Mr. John Richards, after appointing Mr. Luther Wagoner 
to the chair, delivered a discourse on the subject of ‘‘ Balancing 
Centrifugal Pumps,” the stenographic report of which address 
and the ensuing discussion will be found in the printed pro- 
ceedings. 


An invitation was read from the Spring Valley Water Company 
of San Francisco to visit the concrete dam now constructing 
near Crystal Springs, Saturday, August 23d. It was stated that 
the San Francisco Chapter of the American Institute of Archi- 
tects and the Technical Society of the Pacific Coast were jointly 
invited, and that Mr. Geo. W. Perey, a member of both Socie- 
ties, was to be notified by those who desired to accept the invi- 
tation. Circulars to be distributed to all city members.* 

The President announced that after adjournment the Board of 
Direction would hold a meeting to attend to special business. 
Adjourned. ; 





* This excursion took place on the day mentioned, in which quite a num- 
ber of the members participated. 
Orro von GELDERN, 
Secretary. 
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A DISCOURSE ON CALCAREOUS HYDRAULIC 
CEMENTS. 


By Catvin Brown, C. E., U.S. N. 
Delivered Sept. 5th, 1890. 


Mr. President and Gentlemen—In aczepting the polite invita- 
tion of the Executive Committee of your Society to address you 
on the subject of cements, I felt that in undertaking the task it 
would not be necessary for me to go into the matter to the full 
extent of its possible treatment. As engineers and architects, 
and in reference to the magnitude of its importance and applica- 
tions in constructive works, all of you must have had consider- 
able acquaintance with it, which supposition prompted me to 
limit what I ought to say more to my own experience than to 
attempt to lay before you, except in a very general and brief way, 
the details of its history, its chemical features and its economics, 

Although the history of constructive engineering and archi- 
tecture is marked by many interesting and even wonderful monu- 
ments of human skill, aided by science and genius, it appears 
to me that this nineteenth century in the discovery and applica- 
tion of hydraulic cements has far outstepped all previous centu- 
ries in the masonry of constructive works, taking into the 
account their utilitarian character, the rapidity of their erection 
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and their comparative cost even, to say nothing of the surmount- 
ing of difficulties of location never encountered by the ancient 
builders. In all these results the application of hydraulic 
cements has entered, and the modern architect and engineer tind 
in this material an ally whose help remained beyond the reach of 
their predecessors. 

The ancients have been popularly credited with the possession 
of superior cements, but as far as can be ascertained from history, 
and the investigation of their works yet extant, either whole or 
in ruins, there appears no evidence that their builders used any 
hydraulic cementing materials, except those found and applied 
in their natural condition after a simple pulverization, as 
pozzuolana, trass, etc.; all volcanic products which they mixed 
with common lime mortar to bestow a more rapid induration 
upon it and the capacity for hardening in damp situations or un- 
der water; they were not aware of, or at least they did not use, 
hydraulic limestone for the production of cement. 

It was not until 1759, when the bold design of erecting a stone 
lighthouse upon the ocean-girdled Hddystone rock was under- 
taken by Smeaton, that the discovery was made by this able 
engineer of the existence of certain peculiar limestones which, 
when calcined and pulverized and made into mortar, possessed 
cementing qualities with the important characteristics. of setting 
and hardening under water. His report of this discovery is 
given in the quaint language of old times: he says these stones 
after they are burnt and ground “ afford a paste which hardens 
in a few days under water, but in the air they ‘never acquire 
much solidity.” It is reported that Smeaton discovered the 
causes of hydraulicity in hmestones, but I do not remember the 
explanation he gave of it, but am impressed with the conviction 
that its complete description was given by very much later in- 
vestigators. Smeaton used the natural products pozzuolana and 
trass for his cementing materials, but it is believed that for 
the strength of his great structure he relied more upon his 
system of dovetailing the stones in the work than upon the 
cement he put between them, which evidently was applied to bed 
and perfect their joints and so far prevent the water of the ocean 
from penetrating the masonry and thus preventing its hydrostatic 
effects. 
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It does not appear from any records I have been able to meet 
that much progress was made in the practical development of 
calcareous hydraulic cements until about 1780, when Dr. Hig- 
gins, of England, published a small treatise on what he called 
‘water cements.’ If I recollect rightly he used common lime 
mortar treated with certain materials that conferred slight 
hydraulicity, such as pounded brick, etc. Sixteen years after 
this, or in 1796, a quick-setting hydraulic cement, resulting from 
the ordinary processes of burning and grinding certain limestones, 
was introduced by Parker, of England, and patented by him; 
he called this Roman Cement, under which name the article has 
continued in use down to this day, illustrating the charm of an 
impressive cognomen. 

From the date of Parker’s’discovery forward, much attention 
seems to have been given to the search of limestones capable of 
furnishing a similar material, the general interest therein prompt- 
ing several savans in England and on the Continent to engage 
in the work, the most conspicuous among them being the en- 
gineer J. L. Vicat, of France, whose elaborate researches com- 
menced about 1812. 

Vicat’s well known publication shows how exhaustively he 
pursued his experiments, going into all the details of manufac- 
ture, manipulations and application of calcareous mortars, both 
hydraulic and non-hydraulic. Originally confined to the ex- 
amination of materials which, taken in their natural state, yielded 
by the ordinary processes of calcination and pulverizing, cements 
of various qualities as to their powers of induration and hydraulic 
energies, his operations finally resulted in the grand discovery 
that although nature furnished throughout her lithological stores 
vast deposits of substances that in their natural state would sup- 
ply a material with hydraulic properties, it was in the power of 
science to evolve an artificial combination of her various materials 
that in the highest degree, would obviate the uncertainties of 
these single substances and secure a product at once adapted to 
all the purposes of the builder. It was well known that no pure 
limestone or simple carbonate of lime would furnish an hydraulic 
mortar, and in the fact that impure limestones would furnish 
such, though in varying degree, lay the hint that Vicat seized 
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upon, namely, to ascertain what was the element or elements 
that at the same time contaminated the limestone and conferred 
upon it, upon proper treatment, that wonderful property of 
plasticity, adhesiveness and hardening under water. Analysis 
showed that these stones were a mixture in various proportions, 
of carbonate of lime, alumina, peroxide of iron, silica, etc., where- 
in lay the principle of hydraulicity, and hence, by an artificial 
combination of these ingredients, it was possible to manufacture 
an artificial hydraulic cement whose efficiency as a building 
material might be uniformly secured beyond any chances in- 
volved in the capricious accidents of geological conditions. 

Vicat carried out his experiments with a triumphant verifica- 
tion of their prophecy; he found their results like that shown in 
the natural stone to be a double silicate of lime and alumina, 
with certain traces of other substances whose presence in the 
composition might not be essential in its general characteristics 
though probably not impairing them. 


I must hurry over the details of the subsequent development 
of Vicat’s discoveries and simply mention that upon his views 
and experiments, several other eminent chemists and engineers 
in Europe entered upon similar investigations until almost the 
whole accessible domain of nature's rocks and earth was ran- 
sacked with the purpose of revealing other substances that might 
supply these invaluable qualities of adhesiveness and hydraulicity 
in building. 

Vicat’s system of manufacture of artificial hydraulic cements, 
or ‘‘ lime,’ as he termed it, was soon installed, and in a short 
time several establishments for the purpose were set in opera- 
tion. In these primary establishments they made use of quick- 
lime and clay mixed in certain proportions with water into a 
paste which was then molded into briquettes, dried, burntin a 
kiln and then ground. 

It will thus be seen that Vicat’s method involved two separate 
burnings, the first for the production of the quicklime used in 
the composition instead of carbonate of lime or simple limestone, 
and the second for the briquettes formed by the combination of 
quicklime and clay. This system was necessarily attended with 
considerable expense of fuel, time and labor, but became super- 
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seded by the method carried out several years later in England 
by Mr. Aspdin, who, by calcining a dried mixture of chalk and 
the mud obtained from a river bed, and afterwards grinding the 
product, fabricated the now well known Portland Cement. In 
the meantime other English engineers occupied themselves in 
experiments with the same materiais, but Aspdin appears to have 
been considered as the inventor of the article under this name, 
which has been introduced all over the world, and so named 
from the color of its mortar which resembles that of the stone 
found in the quarries of Portland, England. 


In the interim between Vicat’s discovery of uatural hydraulic 
cement and that of the artificial product, and up to within the 
last few years, the natural cements, more or less, continued to 
be used; but in Europe especially, and in countries where 
European builders manage the works, Portland Cement has al- 
most completely displaced them. In the United States, especially 
in the interior and where it can be cheaply produced, the natural 
article still holds its use, but it may readily be seen that the 
Portland, wherever it can be procured, and in consequence of 
its great superiority must everywhere command the preference 
of the builder. 


Time will not permit me, gentlemen, to extend these remarks 
to a complete description of the various methods of manufacture 
in different countries for the production of Portland Cement. I 
can only mention that the two ingredients of carbonate of lime 
and clay being almost universally used are found in different 
forms in the different localities where the article is manufactured. 
The carbonate of lime in the condition of a very pure and soft 
chalk is adopted in England where it abounds. On the con- 
tinent of Europe chalk is also used where it can be obtained, but 
very many manufacturers there use a hard limestone either in a 
state of purity or otherwise. ‘Theclay, which besides the alum- 
ina, also contains the required elements of silica, iron, etc., is 
found in varying conditions, either as constituting the beds of 
salt water streams above low water level, or the soil of marshes, 
or as banks upon higher grounds. : 

In England the mixture of these two ingredients is effected by 
means of a heavy revolving harrow or stirrer operating in a cir- 
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cular tank, or wash mill as it is termed, wherein is placed the 
requisite quantity of water and a portion of clay as taken from 
its natural deposit. Into this wash mill, and after being properly 
pulverized and sifted, the chalk is introduced in right proportion 
to the clay. The charge of chalk and clay after a complete re- 
duction of all the particles to an impalpable paste of semi-fluid 
consistency, is conveyed to large receptacles about 60 by 90 feet 
in dimensions and four feet in depth, and allowed to settle. 
Charge after charge of the chalk and clay mixture is thus pre- 
pared and placed in the receptacle until it is filled, the super- 
natant water of each layer being previously drained before a 
fresh one is added. ‘The entire mass in the receptacle is left to 
acquire by evaporation a certain solidity, like stiff mud, in order 
that it may be shovelled into wheelbarrows and conveyed to the 
drying shed where it is spread in a layer of a certain thickness 
upon iron plates laid over flues, through which heat passes from 
fire places, which frequently are coke ovens, and supply the coke 
for the final calcination in the kilns. When the mixture or raw 
cement is sufficiently dried, it is broken in convenient pieces as 
aniform as possible and charged in layers of about four inches 
thickness into large and lofty kilns: between each layer and be- 
low the bottom one is spread a layer of coke of about the same 
thickness, and when the kiln is fully charged it is fired, the cal- 
cination occupying several days. Several days are also required 
for the cooling of the kiln so that the burnt ‘‘ clinker,” as the 
cooked cement is called, can be handled and sorted, the properly 
calcined being separated from the portions that are not so. The 
selected clinker is then conveyed to the grinding apparatus, 
ground, and thus converted to powdered cement. 


The process just described is termed the wet process, and I 
believe is exclusively used in England, and possibly to some ex- 
tent on the Continent, although in the latter country, and espe- 
cially where hard limestone is employed, the system called the dry 
process is better adapted to this sort of material. In this system 
the limestone by grinding is reduced to an impalpable powder, 
and the clay after being perfectly dried is reduced to the same 
condition. These two materials are then mixed in the requisite 
proportion of about 78 per cent. of powdered limestone, when 
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this substance is a pure carbonate, and 22 per cent. of the dry 
powdered clay, these measures beiny by weight; they are then 
introduced to a pug mill with water and incorporated into a stiff 
plastic paste, which as it leaves the mill is molded into square 
and hollow prisms or briquettes of a certain size, which after 
being dried are calcined, as in the wet process, and then ground. 


The perfection of Portland Cement, primarily, of course, de- 
pends on the use of the proper materials and the true chemical 
proportions of the lime and clay in the mixture. If these con- 
ditions are not cbserved good cement is impossible; their inti- 
mate mixture, depending upon the fineness of the particles to 
which they are reduced and the trituration to which they are 
subjected, is also an indispensable requisite, and lastly its cal- 
cination, which must be carried far enough to produce an incip- 
ient vitrification or welding together of these ingredients. ‘The 
grinding of the ‘‘ clinker,” as the result of the burning is termed 
from its resemblance to the blackish slag or cinder of an iron 
furnace or forge, is also important, as the degree of fineness of 
the ground cement affects its practical economies in several par- 
ticulars, both as to strength and its capacity for sand, ete. Here, 
gentlemen, is asample of Portland Cement in the condition of 
the clinker; you will notice its great specific gravity, scoriaceous 
texture and blackish color. One would hardly suppose such a 
substance by simple pulverization could be converted into a 
cement of such vast and varied utility as experience over the 
- world for more than sixty years has proved it to be. Had the 
ancient Homans, Greeks, Egyptians, or any other ancient peoples, 
possessed such a building material, old Vitruvius would have ex- 
tolled it as the acme of their engineering and architectural tri- 
umphs and challenged the efforts of posterity to produce its equal. 
I must, however, quit these classical contrasts and hasten with 
the more essential matters. 


I have tospeak of the operation of burning the raw cement, 
as involving one of the most important essentials of the integrity 
of the finished product. This constitutes the most expensive 
part of the manufacture, besides demanding the most careful 
attention on the part of the burner. Various forms and systems 
of kilns have been designed, both of the so-called perpetual 
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and the intermittent sorts, the former being when the fresh 
charges of raw cement and coke are simultaneously fed to the 
kiln, as the thoroughly burnt portions are withdrawn, and the 
latter sort where the charge at once fills the kiln, and is not with- 
drawn until the whole of it is supposed to be completely cal- 
cined. These kilns are of numerous patterns, some of them 
still used are of fashions employed a century ago for burning 
quick lime. The so-called Hoffman kiln is an improvement on 
these antiquated forms, and is extensively operated for both 
building bricks and Portland Cement. Into all these kilns the 
raw cement is charged in either lumps or in briquettes, but a 
late improved system of burning has been introduced into Eng- 
land by Mr. Ransome, whereinthe dried raw cement is reduced 
to small particles and exposed to heat in such a manner that 
they are quickly converted to the clinker state, thus saving much 
of the time occupied by the older methods and facilitating with 
greater economy the operation of grinding. 

Coke is the usual fuel used in burning. Ordinary coal will not 
answer the purpose, as the sulphur commonly contained in it 
would combine with the lime of the raw cement and thus tend 
to the production of a sulphate of lime and consequently of a 
cement of too rapid setting. For the productiou of the clinker 
an intense heat is necessary, which must be carefully regulated, 
in order that the calcination may be uniform and without over- 
burning or under burning the material, the product in either 
case resulting in a failure of good ce:ment. 


Of the immense variety of purposes to which Portland Cement 
can be applied it seems almost unnecessary for me to refer to 
before an audience of architects and engineers. The wonderful 
characteristics of the material, its crushing and tensile resist- 
ances, its plasticity and cohesion in manipulation and adapta- 
tion to all sorts of mouldings, even to fine statuary, and its per- 
sistent but slow setting induration with its apparently eternal 
durability, constitute the perfection of lithological building 
material both for its cementing bond, for all the various stones 
and bricks with which it can be used and for making blocks of 
stone themselves. 

In this connection I must speak of the surprising discoveries 
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of M. Frangois Coignet, of France, and his applications of what 
he calls Béton Aggloméré, a calcareous composition into which 
besides the sand, enters Portland Cement and hydraulic lime— 
if is an inexpensive artificial stone and is rapidly becoming used 
for edificial structures of almost every kind among that scientific 
and enterprising people. Seventeen years ago I witnessed in that 
country works of a boldness of design and extent that I could 
not have supposed to be feasible with a simple combination of 
mortar and sand. Ihave brought with me photographic illustra- 
tions of an aqueduct of nearly forty miles in length and supply- 
ing water to Paris built with this béton, the supporting arches 
as well as the water pipe itself being monolithically formed with 
it.* Ihad the good fortune to make the acquaintance of the 
engineer of this original and magnificent work, and was enabled 
to visit and inspect it at several points; the arch over the Or- 
leans road, through the Forest of Fontainebleau, which I ex- 
amined, was about 125 feet span without a joint in its construc- 
tion. The only materials used in the construction of this 
aqueduct were Portland Cement in a very small proportion, 
hydraulic lime and the sand found along the route of the work. 
Another photograph shows a view of the church at Vesinet, also 
from foundation to the top of the surmounting cross built of the 
Coignet Béton. I might, if time permitted, mention other pub- 
lic massive works which I examined in France, all erected by the 
use of this material. 


I have introduced these brief details of the history, manufac- 
ture and application of Portland Cement, gentlemen, supposing 
they might interest such of you as have not had an opportunity 
of an acquaintance with the subject in these particulars, and that 
you might find in them a recommendation for the extension of the 
application of this useful material in your own practice. I have 
felt obliged to omit many details in this part of my task which, 
however, you will readily find described in the literature devoted 
to the subject in French, English and German publications. I 
will now proceed to state my own experience both in the ex- 
perimental manufacture and use of this valuable material. 








*Mr. Brown exhibited photographs of the works referred to in his discourse. 
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My interest in the general subject of hydraulic cement was 
awakened by my acquaintance with Col. Sylvanus Thayer, of the 
U.S. Engineers, in 1840. I think it is to this eminent engineer 
we are indebted for the extensive introduction into the public 
works of the United States of this material in the preparation of 
concrete, although in his time we had only the natural cements 
of which the ‘‘ Rosendale ” constituted perhaps the most popu- 
lar brand, the Portland not being then known in this country. 
I had no opportunity, however, for experimenting in the produc- 
tion of hydraulic cement until [ came to Californiain 1861. The 
Benicia manufactory was then in operation, being the only one 
for making hydraulic cement on this Coast, and turning out a 
natural cement which could be mixed for mortar or otherwise in 
only small quantities, for use, on account of its rapid setting 
and hardening. The contrast of this native cement with those 
of slower induration I had employed in the East, led me to sus- 
pect there might, in other localities of the State, be found a 
substance that would yield a less energetic hydraulic cement. I 
set about their discovery and collection and subjected various 
specimens to treatment with varying results. I pursued these 
investigations for several years, ascertaining that the country 
abounded with hydraulic limestones, calcareous marls, etc., 
several of them capable of furnishing cements equal to any then 
imported article. JI also found that several of these limestones 
would supply, in large quantities, a superior hydraulic lime like 
the celebrated Theil and Seilly limes so extensively used in 
Europe and to some extent in the eastern part of the United 
States. This hydraulic lime as I found it was both of a pure 
white, like ordinary quicklime and also of a soft buff or cream- 
color; it will not slack in water like common fat lime and there- 
fore would require grinding for purposes of mortar or other 
use, 


Upon my return from a visit to Europe in 1873, where I had 
the best opportunities for observing the manufacture and appli- 
cation of Portland Cement, I occupied myself in experiments to 
determine the resources of this coast in regard to their adapta- 
bility to its production, an inquiry about which I had little 
doubt in consequence of my knowledge of the abundance of 
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natural materials I had previously found here. In these experi- 
ments I realized the necessity of a strict observance of the chemi- 
cal principles involved in the production of the article, and amid 
the great variety of materials eligible for use, realized the im- 
portance of chemical analysis in each case in order to determine 
their proper combination. Every grade of limestone, from that 
of almost pure carbonate down to that mixed with various in- 
gredients of alumina, magnesia, silica, iron, etc., I found to exist 
abundantly in the State; a calcareous tufa was also found in 
several localities well adapted to the manufacture, and I was 
also presented with samples of a native carbonate of hme in a 
pulverulent condition said to exist in abundance in the southern 
part of the State. Suitable qualities of clay, as shown by their 
analysis, were also found in large deposits, so that the presence 
of all these native materials gave undoubted assurance as to the 
feasibility of the desired manufacture. 


In my operations, besides a careful observance of the involved 
chemical conditions, I found actual experience in manipulation 
to be the only means of acquiring a correct judgment in some 
of the more critical details in order to obtain satisfactory results. 
Such practical knowledge cannot be learned from any literature 
I have come across, nor could I obtain it from my correspond- 
ence with foreign manufacturers either in England or in Ger- 
many. After many trials, especially in the operation of burn- 
ing, I succeeded in establishing a process that gave uniform and 
satisfactory results, and thus demonstrated the certainty of the 
native resources of the State for the supply of asuperior Port- 
land Cement in all the abundance that its building interests will 
ever require. By referring to the notes of my operations, I 
could show you, gentlemen, the record of samples of cement 
made from California materials that far excelled in tensile strength 
the average of the reported trials made in foreign countries. I 
have the record of samples, which after an immersion in water 
of 28 days stood a strain of 720, 786, 803, 806, 985, 988 pounds 
to the square inch, one sample going as high as 1112 pounds to 
the same area before it broke. All these specimens were sub- 
jected to the strains of a perfectly correct and standard testing 
machine owned by Mr. William Jones of this city, who, with 
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other gentlemen, engineers and architects, were present at the 
trials. They were prepared from materials found on Mr. Jones’ 
property in Alameda County, where they exist in great abundance. 


Referring now to my experience in the application of Portland 
Cement to constructive works, I must take the occasion to ex- 
press the obligations I owe to the late General B. 8. Alexander, 
of the U. 8. Engineers, for his sound recommendation to me to 
adopt a concrete in laying the foundation of the Mare Island 
Dry Dock, upon which I was then engaged. At that time, in 
1872, Portland Cement was but little used on this coast; the only 
hydraulic cement we then, as a rule, employed, was the native 
Benicia and the imported Rosendale. This dry dock had been 
designed with a foundation of rubble masonry, in conformity 
with the usual practice in the buildings of the United States 
Navy, but subsequently, bearing in mind this able engineer’s sug- 
gestion, and after seeing the widely extended use of concrete or 
béton in both foundations and superstructures in Europe, I de- 
termined to adopt his recommendation. In my first deposit of . 
concrete to this work, and in the absence of Portland Cement 
in this market, I was obliged to use the Rosendale and the Beni- 
cia manufacture; but one day meeting an acquaintance in this 
city, who was an importer, I was informed by him that he had 
several hundred barrels of Portland Cement for which he could 
not find a purchaser, as nobody seemed to know anything about 
it, and would I buy it. JI was glad of this chance for obtaining 
even so small a quantity as was offered of this superior article, 
and accordingly procured the authority for its purchase; it was 
the first I had used on a large work and proved so eminently 
superior to anything of the kind I had ever before employed 
that its preference became an established conclusion. The Goy- 
ernment requisitions for it made at a time coceval with its de- 
mand for other purposes then about being introduced in this 
city, soon instituted its regular importation, and the market be- 
gan to be well supphed. 

You have lately been favored, gentlemen, with an account and 
description of the Mare Island Dry Dock, and I need only re- 
fer to its concrete foundation for the purpose of illustrating the 
method of its preparation. The essential features of this opera- 
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tion are the materials employed, their mixture and deposition in 
the work. Experiments were first made to determine the pro- 
portion of the materials, which were a hard and angular broken 
stone, of quite uniform size, tolerably fine beach gravel, and 
cement with the water, the object being to find the most econo- 
mical quantities of these ingredients, especially of the cement 
which constituted the most expensive part of the mixture, at 
the same time the most essential one. It was also desirable 
to determine what quantity of the aggregate of the materials 
was necessary to be originally taken in order to make a given 
bulk in place after ramming, say a cubic yard. Thus, with the 
broken stone and gravel as the matrix, it was found that 13 
measures of the former and 15 measures of the latter, or in act- 
ual quantities say 174 cubic feet of stone and 20 cubic feet of 
gravel with 200 pounds of Portland Cement and the water neces- 
sary for moistening the mixture, would exactly make one cubic 
yard in. place after ramming. It will be seen in this case that 
the solidification by ramming was about 72 per cent. of the 
original uncompacted mass of the ingredients, and that the 
proportion of the cement in the solid concrete was about one in 
thirteen, or twelve of the stone and gravel to one of the cement. 
This concrete as thus prepared and laid in’place weighed 144 
pounds to the cubic foot, or very near the weight of ordinary 
well laid rubble masonry; the stone used in the concrete at 
Mare Island was very solid and heavy. When there was occa- 
sion for removing any portion of the concrete for obtaining a 
bed for the granite superstructure, it was found to be of admira- 
ble strength and hardness, requiring powerful efforts with sharp 
picks and gads for its displacement. It was absolutely im- 
pervious to water. Besides broken stone and instead of it, a 
heavy mixed coarse and fine river gravel of extra sharpness was 
used, with the economical result of requiring less cement than 
the combined broken stone and beach gravel—the quantity of 
gravel thus used as the entire matrix was 313°, cubic feet, and of 
cement 157 pounds for one cubic yard of concrete in place, or 
about one in seventeen. 


The concrete was mixed half a cubic yard at a time by means 
of its passage through a fall of about 37 feet in a tremie—this 


126 Brown on Calcareous Hydraulic Cements. 


convenient apparatus, available wherever a fall can be had for it, 
is fully represented and explained in the published transactions 
‘of your Society and needs no further account from me. Neither 
is it necessary for me to describe particularly the operation of 
depositing the concrete in place, except to intimate one or two 
precautionary observances, which should be taken in this opera- 
tion, namely: where masses of concrete are required of con- 
siderable depth and are built of successive layers, each layer 
should have ample time for solid induration before the super- 
incumbent one is added, each layer being kept wet and shielded 
from a hot sun, as a rapid drying damages the exposed surface 
by rendering it pulverulent and thus presenting to the succeed- 
ing layer an incoherent film, which prevents the bond that ought 
to exist in the joints between the two and so throughout the 
work, To reduce as much as possible, on account of the joints, 
the number of layers ina deep mass of concrete and at the 
same time to effectuate thorough ramming, the thickness of 
each layer should be regulated to meet those important condi- 
tions. We found at Mare Island that a layer of about 10 inches 
thickness was most favorable for the effective force of the ram- 
mers used on the work—a much thinner layer offering too little 
resistance for the prevention of a lateral scattering effect of the 
blow, while in a much thicker layer the force would not act on 
the lower portions. 


Another observance, which seems necessary to intimate, is in- 
volved in the use of the water for mixing the concrete. It is to 
be remembered that the mortar of hydraulic cements is a hydrate 
and that its perfect crystallization requires an exact equivalent 
of its water, any excess being ,thrown off and any deficiency 
leaving it devoid of strength from incoherency. JRecent in- 
vestigations in France have shown that the ultimate strength of 
Portland Cement depends greatly upon the proportion of water 
used in its conglomerates or when mixed neat. In my own 
practice in making and testing neat cement, I have used of 
water from 20 to 83 per cent. by weight, of the loose powder, 
the smaller quantity giving the best results. In preparing con- 
crete my practice was to add only water enough to a little more 
than moisten the whole mass, so that in ramming a very slight 
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excess would appear upon the rammed surface. The disadvan- 
tages of too much water are several. In the first place in the 
ramming a jelly like mass is produced rendering proper solidi- 
fication impossible; in the second place, following of course the 
first named effect, the porosity of the mass renders it weak and 
pervious. ‘These precautions are often overlooked by the or- 
dinary users of Portland Cement conglomerates and in its neat 
applications; irapressed with the erroneous notion that a large 
quantity of water is needed fora strong cement and not under- 
standing the principle of its crystallization, they literally drown 
their mixtures thus placing them beyond proper solidification 
and rendering them honeycombed and weak. ‘The entire system 
of mixing the ingredients of a concrete in the practice of certain 
operators is highly vicious; a pile of broken stone perhaps 
mixed with gravel or sand, or perhaps the gravel or sand alone, 
is spread and covered with a quantity of cement, more or less 
according to the guess of the workman, then turned or shovelled 
over when dry, and finally is deluged with water squirted 
through a jet nozzled hose which forces the cement to the bottom 
of the mass where most of it remains, rendering its equal dis- 
semination impossible by any amount of hand shovelling in the 
effort of mixing. It ought to be obvious to the slightest con- 
sideration of the effect of this torrential treatment that the 
amount of water should be limited and carefully applied by the 
gentle action of a rose nozzle pipe; in this manner a stronger 
concrete would be produced and with a less quantity of cement. 


In the manufacture of Portland Cement I have mentioned the 
importance of exact proportions of its ingredients as contained 
in the lime and clay. I have now to speak of the effects of their 
disproportions when they vary from certain narrow limits allow- 
able in the preparation of the raw cement. It is evident that 
any undue excess, especially in the lime or alumina, causes the 
existence of an element which may not only be superfiuous but 
detrimental; if there be an excess of clay or alumina added in 
the mixture the product is likely to be a quick-setting cement 
and deficient in strength. With European engineers one of the 
tests of Portland Cement governing its acceptance for their works 
is that it must not set within a given number of hours, except in 
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cases where a rapid set is required, as in water currents. It 
might seem that the initial setting is an indication of the subse- 
quent hardness and strength of the material, the slow process 
promising best results in these respects. From certain native 
limestones abounding in clay, I have made a natural cement 
whose powder would instantly be converted to a hard stone the 
instant water touched it—placed under water it would remain 
for several months in this state, but upon being removed would 
crack and fall to pieces. An excess of lime in Portland Cement, 
or lime uncombined, results in a slacking process of this excess, 
which, taking effect in work built with the material, causes it to 
swell or ‘‘ blow’’ as it is technically called, showing itself in 
reticulations upon the exposed surfaces and sometimes in cracks 
throughout. The obvious remedy for this excess of lime is to 
eliminate its causticity by the process of air slacking which is 
done by exposing the cement in powder spread in a moderately 
thin layer to the air for a few days before it is used. Itis the 
manufacturer’s duty to see that this aeration is done before the 
cement is packed for the market, and honest men of this class 
will not neglect it. Not fully confiding in the integrity of the 
entire fraternity of makers it was the practice at the dry-dock 
works at Mare Island to be certain of this aeration by exposing 
all purchases of cement to the process described. In illustration 
of the behavior of an over-limed cement when used too soon 
after its manufacture and the remedial effects of aeration, I have 
to show you this photograph taken of samples of my own pre- 
paration. 


I am aware, gentlemen, that I have presented to you but a 
hasty and crude statement of the subject upon which I was in- 
vited to speak; knowing, however, that its more exhaustive treat- 
ment has been undertaken by abler hands and expressed in the 
extensive literature of your respective professions, I was con- 
scious you could avail yourselves of this resource to supply the 
deficiencies of this brief address. It ought to be a matter of 
felicitation among you that massive concrete works have already 
been undertaken in this city, and that one of the members of 
your Society, and formerly its President, has had the boldness 
and sound judgment to propose and carry into practical con- 
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struction an original public structure by the exclusive employ- 
ment of this material. Itis to be hoped that we shall not long 
be dependent for the supply of Portland Cement upon foreign 
importation and that the resources of the State for its manufac- 
ture will be appreciated by capitalists and the necessary works 
for its production be established. 
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The purpose of the following paper is to call attention to the 
importance of the proper examination of ores intended to be 
treated by coarse concentration and to show how simple and 
comparatively inexpensive a plant can be made to suflice for the 
necessary experiments. 

The concentration of ores requiring fine comminution, particu- 
larly free gold ores, has reached a considerable degree of per- 
fection in California, and our builders of mining machinery are 
well versed in all the details of the requirements. On the other 
hand, coarse concentration, such as is usually applied to lead 
and copper ores, has received until lately but meager attention. 
Some activity is now, however, being manifested in this direc- 
tion, and engineers and contractors are beginning to realize the 
importance of being prepared to undertake the design and con- 
struction of plants adapted for this purpose. 

It is generally easy to determine whether the treatment of an 
ore requiring concentration should begin with coarse sizes, or 
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whether in the start the material should be in the condition of 
sands and slimes or meals. In the latter case the necessary 
tests to determine the most economical degree of concentration 
can be made in almost any assay office. Some of these are pro- 
vided also with machinery for experiments on a larger scale. 
Such tests can often be made at concentration works properly 
equipped. It is different with coarse concentration. 


Before entering upon the design of the plant it is necessary to 
study the conditions, for these will indicate the course to be pur- 
sued in making the tests and designing the plant. These condi- 
tions are usually numerous and intimately connected with and 
dependent upon each other. 


Aside from the character of the ore the following are generally 
the more important ones: 


(1). Quantity of water at disposal; 

(2). Capacity of plant required; 

(3). Degree of concentration required; 

(4). Nature of operations succeeding concentration; 

(5). Proximity to mine or to water supply; 

(6). Disposal of tailings; 

(7). Cost of transportation of concentrates; 

(8). Other conditions too special for general enumeration. 


The quantity of water at disposal, and the desired capacity of 
the plant are usually the first things to be considered. ‘The 
former often limits the latter. The degree of concentration has 
an important bearing on, the extent of the plant. Where ores 
are concentrated for the purpose of saving in cost of transpor- 
tation, the aim will naturally be towards rich concentrates; but 
where the operations following concentration are performed 
close at hand, the degree of concentration will frequently de- 
pend on the requirements of the subsequent process. for 
example, in smelting with cheap fuel, the extra cost of smelting 
the greater quantity of poorer concentrates may be less than that 
of obtaining the higher degree of concentration. 

The disposal of tailings may have a bearing upon the choice 
of lecation and general design of the works, as well as proximity 
to mine or water supply. Where water is scarce, it is advisable 
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to drain the coarse portion of the concentrates and tailings, and 
pump the drained-off water back for re-use. In such a case the 
disposal of tailings will generally have to be accomplished by 
mechanical means or by manual labor, and ample dumping 
ground becomes desirable, and also sufficient grade below the 
works, so that the tailings will not have to be transported too 
great a distance. 


The foregoing will serve to indicate the nature and extent of 
the necessary inquiries preliminary to experiments upon the ore 
or design of the plant. 

The most economical course of treatment which the ore is to 
undergo, previous to and during concentration, is dependent 
upon the characteristics of the ore, and can very rarely be deter- 
mined properly without extensive experiments. 

Concentration really begins in the mine with hand sorting, and 
it becomes important to determine how far the operation can be 
economically continued, both on the cobbing floor before crush- 
ing and on picking tables after the ore has passed the rock 
breaker and wash trommel. 

A general impression seems to prevail that all hand sorting 
is a costly operation. It is true that with our prices of labor the 
process cannot be carried on to the extent and with the refine- 
ment practiced in Kurope. Notwithstanding this, paving exam- 
ples do exist in the United States. At Tuscarora, Nevada, the 
writer has seen the ore from the North Belle Isle mine being 
spalled and hand sorted in a regular sorting shed. The Mining 
and Engineering Journal of April 14th, 1888, contains an article 
entitled ‘‘Ore Sorting,” by F. L. Bartlett, giving an example 
of hand sorting of an ore containing cupriferous iron pyrites, 
rich copper ores, zinc blende and galena, with slate and quartz. 
When no separation of different minerals is aimed at, the work 
can be carried on very economically with sized and cleaned ores 
on revolving or shaking picking tables. One man can, with such 
an appliance, sort over a large quantity of ore, thereby increas- 
ing the capacity of the piant and reducing the tendency to form 
rich slimes. 

By testing in a suitably arranged plant several tons of ore, 
representing an average sample of the mine, the question of 
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adaptability of the ore to hand sorting can be decided before 
entering upon the design of the intended mill. 

An important factor in the design of a concentrating mill 
should be to determine by proper test how the mineral cleaves 
away from the gangue during crushing; also whether excessive 
comminution will be prevented by gradual reduction of size, and 
to what extent subsequent separation can be benefited thereby, 
and at what cost. 

In a plant of small capacity the principle of gradual reduction 
can generally be only imperfectly carried out. 

In an article which appeared in the School of Mines Quarterly, 
and also in The Engineering and Mining Journal, of March the 
13th, 1888, entitled ‘‘ The Dressing of Non-Bessemer-Ores,” by 
G. W. Maynard and W. B. Kunhardt, is given a description of 
experiments made by these authors on iron ores with a view of 
determining the relative proportion of sands and meals with 
direct crushing, and with more or less gradual reduction. Mr. 
Luther Wagoner made some instructive experiments bearing on 
this subject, and gave the results with diagrams in a paper en- 
titled the ‘“‘ Theory of Ore Crushing ’’; the paper was read in 
May, 1886, and can be found in the proceedings of the Techni- 
cal Society. 

It is also important to fix upon the coarsest jig-size and upon 
the decreasing scale of sizes to be worked upon the successive 
jigs, and upon the quantity of each and the relative propor- 
tion of headings and tailings in each size. Then the question 
of middle products and their treatment can be determined. 
Many other points will have to be decided, and from the fore- 
going it will be seen that the matter is rather intricate. 

A test sufficiently extensive to give average results will, if 
properly conducted, generally afford all necessary information 
to determine, not only qualitatively but aiso quantitatively, the 
different features of economical treatment; so that the different 
departments and machines can be correctly proportioned to the 
amount of material to be handled by them for the desired degree 
of concentration. 


Naturally the tests and subsequent design of the mill will be 
a simpler matter if the ore is only to be washed by eliminating 
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the gangue than when, in addition, several minerals are to be 
separated from each other. 


In making tests with reference to coarse concentration it is 
not absolutely necessary to extend them to material finer than 
can be treated on jigs, for the reason that,if in a mill, when 
erected, the machinery for dressing the meals is not suitable, 
changes or additions can be easily made without affecting the 
preceding coarse part of the work. Changes in the coarse 
treatment would affect the whole mill below the point changed. 

While preliminary tests are almost invariably made in the 
case of other metallurgical processes in this country, it is to be 
regretted that experiments previous to building concentration 
works are exceedingly rare. There would be less failures to be 
heard from, and many existing works would be more efficient 
than they are. Huropean and American authors all agree as to 
the necessity of such investigations. In Germany they are in- 
variably made, and the largest firm there, engag-d in the man- 
ufacture and designing of concentrating plants, The Maschinen- 
bau-Anstalt Humboldt, near Cologne, advertises that they have 
connected with their works an extensive experimental plant, 
where concentration tests can be made. The large plant erected 
by Prof. W. B. Potter for the Washington University, at St. 
Louis, shows that in other parts of the United States the import- 
ance of concentration tests is beginning to be appreciated. The 
writer is of the opinion, however, that such plants should ulso 
be connected with machine shops which are engaged in the man- 
ufacture of concentrating machinery, as in the case of the German 
firm mentioned, for, besides being a source of information and 
guidance in designing concentrating mills, the plant would be a. 
permanent exhibit of the machinery manufactured by the build- 
ers, and could be shown in operation at short notice to demon- 
strate the efficiency of any of the machines; and it could also be 
turned into a source of income from the investigations, for 
which charges could be made; or it could be rented to parties 
who wished to make tests. 

An experimental plant suitable for making thorough concen- 
tration tests is generally believed to be costly. This would be 
true of a plant designed lke a regular concentrating works, with 
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all appliances for continuously handling the ore, and suitable for 
a large amount of business and for making tests rapidly. It is 
needless to say that the requirements for such a plant do not 
exist here, and that the money invested could not be expected to 
pay sufficient interest. 

The writer has frequently felt the necessity of such works, 
and intends. now to show how a plant can be constructed at a 
comparatively small cost, and at the same time answer for all the 
tests that may be required. 


In the plant illustrated, manual labor is supposed to take the 
place of mechanical devices for handling material. The employ- 
ment of manual labor in experiments of comparatively short 
duration is a different matter from its use in a continuously 
operating mill; and in a testing plant the interest upon and the 
depreciation of such machinery lying idle for perhaps long inter- 
vals, will more than offset the extra cost of labor. An important 
incidental advantage in connection with manual labor is the 
better possible insight at each step, and the greater facility for 
sampling and measuring the quantity of the products issuing 
from the different machines. In a continuous plant this would 
ke somewhat difficult. 


The plant illustrated in the drawing accompanying this paper 
is intended as a first suggestion, and arranged with a view of 
illustrating every part as clearly as possible, and not as the best 
and most convenient arrangement that can be made. 

Prior to the test the ore is to be weighed, which is easily done, 
as it is generally shipped in bags. 

To give an example of the working of the plant illustrated for 
an assumed case: The ore is delivered by means of the lift, A, to 
rock breaker floor, B. C is the rock breaker, from which the ore, 
crushed to about 14 inch or 2 inches, drops on to the shaking 
riddle, D, provided with a screen, the upper half of which has 
openings of $ to 2 of an inch, and the lower half 1 inch to 14 
inch. This riddle separates the material into three sizes, which 
drop respectively into the cars 1, 2 and 38, placed beneath it. 
While the shaking riddle is not so efficient as the revolving 
trommel screen, its first cost is much less, and the frequent 
changes of screen sizes necessary in an experiment can be ac- 
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complished much more rapidly; a smal] sash with screen cloth 
being inserted in the main shaking frame and secured by clamp 
SCrews. 


The rock breaker product should be systematically sampled, 
either by hand or more properly by a mechanical sampler, and 
the sample bagged and labeled. In accurate experiments the 
three products from the shaking riddle should also be sampled 
to determine if, and to what extent, more or less close sizing sep- 
arates mineral from gangue. The three products contained in 
the cars should be weighed separately to determine the quantity 
of each size. Empty cars are to be in readiness to push aside 
and take the place of the filled ones. The coarse product of the 
riddle contained in car No.3 is run off and spread outupon a bench 
or table, where it is examined with respect to its adaptability to 
hand sorting on picking tables. The products of hand sorting 
should each be weighed and sampled. If only two products re- 
sult the subsequent treatment will only include the poorer part. 
If more than two products are made, two or more of which re- 
quire subsequent comminution and dressing, each of these must 
be separately treated. 


The ore in car No. 2, together with that product of hand sort- 
ing requiring to be concentrated, and which by composition bears 
the nearest relation to it, is run on to the lift, A, and elevated to 
the roll feeder floor, E, where the ore is dumped, and when all 
the ore has been through the rock breaker and hand sorting 
completed, it is charged into the hopper of the roll feeder, I. 
The opening between the rolls, G, is adjusted to a size between 
the size of opening in the upper and lower screens on the riddle, 
D, below the rock breaker. For more gradual reduction it is 
kept at or near the larger size, for less gradual reduction at or 
near the smaller size. In the first case two passes through the 
rolls, G, will generally have to be made before all the material 
is ready for any mechanical sorting on jigs, material above 2 of 
an inch being more rarely jigged. When the roll opening is 
kept at the size of the coarser screen on D, the contents of car 
No. 2 will not be sent through this first pass of the rolls, and in 
this case will not have been taken to the floor, H, but only that 
product of hand sorting which has been referred to. For a first 
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pass through the rolls the screens on the shaking riddle, H, 
suspended beneath them, will have openings in the upper half 
of about 2 of an inch, and in the lower half of about & of an 
inch. Assoon asall the ore on the floor, E, has passed the 
rolls, the coarse product contained in car 6, with the material in 
car 2,is elevated to E, the rolls are readjusted to about 2 or 
4 an inch opening, and the ore passed through, the screens on 
the shaking riddle, H, having also previously been exchanged 
for finer sizes of about 58, or ¢ of an inch above and 2 of an inch 
at the lower end. It is needless to add that weights and 
samples should here also be taken, as in the cise of the coarser 
crushings. 

M iterial of the size between 3 and 2 of an inch would now be 
contained at No. 6 below the rolls, and at No. 1 below the rock 
breaker. It is evident that for tests upon large quantities of ore 
too great a number of cars would be required. Storage plat- 
forms should therefore be provided at the hight of the cars above 
the floor, the cars to be elevated to these platforms and dumped, 
and when the material would again be required for further treat- 
ment it could be easily raked into the cars. The material con- 
tained in car No. 1 must now be passed over a screen, the over- 
product mixed with the contents of car No. 6, elevated to the 
floor, E, and charged to the self-feeder, F; the latter being now 
connected by means of a spout, I, with the three compartment 
Tigted.. | 

The jig for this run should have sieves of a mesh finer than 
the stuff fed to it, and the coarse stuff would be discharged through 
a gate made at the side or in the center of the sieve. 

The speed of the jigs should be variable to adapt them to wide 
ranges of work. All the products from the jigs should be 
weighed and sampled, heads and tailings and middlings, as well 
as any products that may have come through the sieve and are 
caught in the hutches, N, below. In accurate tests the different 
sieve products should also be kept separate, especially when 
separation of different minerals is intended by jigging. The 
overproduct of the jig-sieves can be led to the same boxes into 
which the hutch products are discharged. 

The other jig, K, can be rigged with a separate feed apparatus, 
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and all the 2 inch size in car 4, worked on itin the same manner 
as the 2 inch size; or if only one jig is used, that must be sub- 
sequently adjusted to the finer ores with reference to speed, 
stroke and mesh of sieve. All middle products intended to be 
crushed to finer sizes are to be held back until the regular stuff 
has reached the size to which the middlings are to be crushed, 
when both can be thoroughly mixed and worked together, or 
each be worked separately, the course to be pursued depending 
upon the character of the ore and the intentions as to the differ- 
ent classes of products. 


In making jig tests a proportional part of the roll product can 
also be diverted, so as to drop directly into a car without being 
sized at all, or it can be diverted on to another finer screen. This 
can be reserved for a jig test on non-sized or imperfectly sized 
material. It will be seen how the test can be varied at will, 
and how, thereby, much important information can be gained. 


The subsequent jigging operations can also be carried on with 
the remainder of the material after it has been properly sized 
over decreasing meshes of screens until the sand sizes are reached, 
which should be sorted in a rising current of water by means of 
the V-boxes, L and M. ‘The best way to serve the material to 
this apparatus continuously and regularly would be by means of 
a centrifugal pump, which would also serve as a mixer. The 
two V-boxes deliver different sorted materials to the two jigs. 
For the final jigwork all the material is jigged through the seive 
and caught in the hutches; coarse material or ragging, through 
which to jig, being spread on the seives. 

The treatment of the material finer than can be worked on the 
jigs, can be left out entirely, only its quantity should be deter- 
mined and assays made. 

The samples taken during the tests should be run through a . 
grinder or small set of rolls and sent out to be assayed, and as- 
says should be made as soon as possible after the samples are 
taken, as they may have a bearing upon the subsequent direction 
which a test should take, and by giving timely information save 
much labor and experimenting. 

During the tests accounts should also be kept of the capacity 
of the different crushing machines, when crushing from one size 
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to another; also the capacity, length of stroke, and, if possible, 
the quantity of water used by the jigs for different degrees of 
concentration. The speed of the jigs should be uniform in order 
to obtain reliable results. 

The rolls should be of first-class workmanship, and large 
diameter, so as to be suitable for a wide range of work. They 
could be arranged also to be run at two or more speeds, suit- 
able for different ratios of sizes of material supplied and dis- 
charged. 

In designing custom mills for dressing ores of different 
character, all of the ores that are intended to be worked should 
be tested separately to establish the limits of flexibility of the 
plant before the general design is attempted. 

The machinery and other items required for the plant illus- 
trated are given in the following list: 1 rock breaker; 1 set of 
rolls; 1 self-feeder; 2 three-compartment jigs; 2 shaking frames, 
with various sizes of screens and sashes; 1 centrifugal pump; 1 
elevating hoist; 1 hydraulic separator; 4 to 6 cars; shafting, 
belting, etc., timbering, framing, platforms, water pipe and 
scales. To which may be added, a sample crusher and mechan- 
ical samplers. 

The total ecst of such a plant, erected in place, should not be 
much over $3,000. 

Tests systematically made in the manner described and under 
the direction of a competent engineer can give all the necessary 
information for designing plants suitable for different percent- 
ages of extraction. The lower percentages, or those giving tail- 
ings less clean, are frequently the more important ones on account 
of other conditions affecting the total economy. 

If possible, the men who are to manage large concentration 
works should participate in any tests instituted previous to de- 
signing the plant, so that they will be posted as to the general 
characteristics of the ores and the course of treatment decided 
upon. 

Many concentration projects fail owing to the lack of insight 
on the part of the supervision, both in design and operation. 
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HYDRAULIC BRAKE FOR HOUSE-ELEVATORS. 


By F. Gurzxow, Mem. Tech. Soe. 


[Read October 3d, 1890.] 


In the following I present a full description of the hydraulic 
brake, which was the subject of a short verbal communication 
at the meeting of the Technical Society of October 3d, 1890: 

The object is to secure the easy descent of the cage to the 
bottom if the hoisting rope or machinery should break, and, in 
general, a self-acting regulator of the speed of ascent and 
descent without the aid of mechanical attachments, springs, 
clutches, or levers. 

The figure shows a vertical section of the upper and lower 
ends, the intermediate floors being broken away. 

A B is the level of the basement-floor; C D, the level of the 
top-floor. The distance between these two lines is consequently 
the lift of the elevator. 

F is the elevator shaft; H, the elevator cage. 

The rope 7 represents the ordinary customary rope, which 
connects the cage with the hydraulic or other hoisting machinery. 

The apparatus consists, essentially, of a U-shaped tube H J 
K, which is filled with water. The horizontal part of the U-tube 
is represented by the part J, which serves as a returning-elbow 
and contains the pulley or sheave 2. The two vertical branches 
of the U-tube are the pipes Hand K, which extend the whole 
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height of the elevator-shaft. The open mouths of these two 
pipes are secured to the bottom of the open tank G, in 
which the water stands to the level Z M. Hand K are also 
connected together by a pipe & placed near the bottom of tank 





G. The communication between H and G is contracted to the 
opening JN, which is just large enough to allow a wire rope to 
pass comfortably through it. The area of & may be regulated 
by a stop-cock S. Through the rest of the apparatus the water 
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can circulate without restriction. ‘The size or shape of J, K, 
and G are not essential as long as the dimensions are liberal. 


The wire-rope W passes through the tube H J K and over the 
sheaves 1, 2,3, 4and 5. Its course is clearly indicated in the 
drawing by the dotted lines. It is endless, being fastened to 
the top and bottom of the elevator-cage H, and is as strong as 
the hoisting-rope 7. Inside the tube # this rope is interrupted 
by the piston or plunger P, which does not fit closely into the 
tube, but allows the passage of water through the annular space 
left between P and H. Itis evident that(H and P being in the 
position shown) when the cage # sinks the piston P will rise, so 
that when the cage His at the bottom of the elevator-shaft the 
piston P will be near the upper end of the leg H; also, that when 
the cage E ascends, the piston P is pulled downward by the re- 
turning rope W. 


I shall refer, in the first place, to the descent of the elevator- 
cage from the position in the drawing. The water displaced by 
the rise of the piston P will escape from the chamber formed in 
H between P and the opening JN, through the opening N, and 
through the annular space between the piston P and the leg 4, 
the stop-cock S being considered closed. This outlet has been 
constructed too small to allow a free passage of the water, and 
consequently a pressure will ensue in the aforesaid chamber, 
which is indicated by a water-gauge or manometer connected with 
H near the top of that pipe. This pressure is reduced by open- 
ing the stop-cock S and brought under control. The stop-cock 
S is so far opened that the water-gauge shows a certain constant 
pressure during the normal speed of the piston P; say one or 
two pounds on the square inch. 

The regulation by stop-cock S, as described, is required only 
once during the first trial of the apparatus. Now, every increase 
of speed of the cage /, and piston P, will increase also the pres- 
sure in the chamber between the piston P and opening JN, because 
at the same time a larger volume of water has to pass through 
the same outlet as during the normal speed of cage Hand piston 
P. The pressure of the piston P being thus increased, its 
speed is reduced. In order to illustrate still further, let the 
loaded elevator-cage 1 weigh eighteen hundred pounds, let the 
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normal speed of the cage be one foot in one second, the area of 
the piston P one square foot, and the normal pressure in the 
chamber between the piston P and opening N two pounds per 
square inch. Under this pressure one cubic foot of water will 
discharge through nine square inches of outlet. If the speed 
of the cage Hand piston P should increase to two and one-half 
feet per second, the pressure in the chamber between the piston 
P and opening N will be two and one-half by two and one-half 
by two pounds, velocity being proportionate to the square of 
pressure, or twelve and one-half pounds, or eighteen hundred 
pounds on the one hundred and forty-four square inches area 
of the piston P—that is to say, the loaded cage is balanced. I, 
in the position represented in the figure, the rope 7 should 
break, the falling cage will be balanced after falling one inch, 
because according to the law of falling bodies two and one-half 
feet per second would be the speed then attained by the cage H 
and piston P. With this speed asa maximum the cage £ will 
sink to the bottom of the shaft 7, when the speed will be further 
reduced by the piston P closing the opening of &, or by asimilar 
contrivance for reducing the outlet of the water when the piston 
P approaches the end of its possible stroke. In a similar man- 
ner the ascent of the cage His regulated. What has previously 
been the outlet for the chamber between the piston P and open- 
ing N now becomes the inlet. If the piston P should move 
faster than the water can follow, it would work against the at- 
mospheric pressure and also lift the water column existing be- 
tween the level of the piston P and LZ M. 


The dimensions given above are, of course, only chosen for 
illustration. In practice for a freight-elevator weighing, when 


loaded, say 1800 ibs., moving at 14 feet per second, the follow- 
ing dimensions are sufficient: 


3 


His a 6-inch ‘ casing’’ pipe, with 5% inch inside diameter. 


P is 18 inches long and 52 inches diameter, its area conse- 
quently 24.8 square inches. 


Normal pressure in chamber NV P as regulated by stop-cork 
S=10 tbs. per square inch. 


Normal counter-pressure on P10 24.8—248 ibs. 
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Velocity of water escaping around P and through W and S, 
with approximate calculation of the friction—=20 feet per second. 


24.8, 3 


Volume of water displaced per second ve < an 0.26 cu- 


bic foot. 

Area of escape for discharging this volume with 20 feet ve- 
locity:=1.87 square inches, which is represented by # square 
inch area round P, and as much round the wire rope at N, bal- 
ance by the opening at S. 

Should, by the breaking of rope 7, or by other reasons, the 
normal speed of the elevator-cage be doubled, then the pressure 
in the chamber NV P will be quadrupled, or 40 ibs. per square 
inch, and the counter-pressure on the 24.8 square inches of P= 
992 ibs. 

Trebling the normal speed causes a counter-pressure of 9x10 
=90 Ibs. per square inch in WN P, on 2232 tbs. on P, fully suffi- 
cient to balance the loaded elevator. 
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SOME PRACTICAL HINTS ON HOW TO TELL A 
GOOD SURVEYING INSTRUMENT. 


By A. Lierz, Memser TrEcu. Soc. 


Read December 5th, 1890. 


Regarding their quality, engineers’ instruments may be divided 
into two classes. In the first category we would place those 
which are disposed of by their makers directly to the engineer who 
uses them, while those of the second class are made for the trade 
and sold principally by dealers. While in most of the latter 
class many so-called improvements are introduced that make 
them easily salable, they do not possess the thorough workman- 
ship which makes up a first-class article. There are indeed 
many improvements, which may yet be added, butif they are 
not made in a thorough workmanlike manner they are of little, 
if any, importance, and will in no case make an instrument of 
fine quality. 


Graduation.—In a transit the graduation is the most import- 
ant part. Solid silver is the best metal known, upon which a 
perfect graduation can be made, and it is therefore almost ex- 
clusively used by makers. It has the advantage of keeping its 
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surface better than the silver wash, which is found on most of 
the older instruments. 


To examine the graduation, the first thing should be to see 
whether each line is perfectly sharp and clearly cut; for this pur- 
pose it is well to use a compound miscroscope, as only a very 
keen observer will be able to detect unevenness in the lines with 
a common magnifier. The starting point of a line, if closely ex- 
amined, will show whether a perfectly shaped and well-set tool 
was used in cutting it. 


The line shown in figure A, in which the upper or pointed 
end is the starting point, indicates by its true shape tbat it could 
only have been done with a perfect and properly set tool. It is 
a fact that this shape is found in all graduations of first-class 
instruments. 





In Fig. B the line has no taper but begins with its full width. 
In such an event the cut was either made from the inner rim of 
the circle outward, or what is more likely, the engraving tool 
was set end for end and drawn from the starting point back- 
wards toward the center. In most cases is the blunt end of the 
line explained by the latter method. Although the tool used 
for such a purpose may have been sharp and of the proper form, 
the additional pressure required to draw it with its wrong end 
foremost vitiates the degree of accuracy of the graduation, for, 
if an unnecessary force is applied in producing a line, the tool 
will not always follow the motion in which it is guided by its 
drawing mechanism. 


Figure C represents a line which was made with an imper- 
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fect drawing device and a dull tool not capable of doing good 
work. 

It will be noticed in figures A, B, and C, that the starting 
point of the line shows tue shape of the tool with which it was 
made, and this is therefore the main factor in passing judgment 
on the value of a graduation. 

After we have convinced ourselves that the shape of the line 
is perfect, we may feel somewhat assured that the graduation is 
a good one, butif the lines are not equally spaced they are of 
no value. ‘To determine this is the most difficult as well as the 
most tedious of tests to be made in the examination of an instru- 
ment with graduated circles. The manufacturers have appara- 
tuses with which such examinations can be made in a compara- 
tively short time, and with a great degree of accuracy. No 
maker of first-class instruments will let one go out of his hands 
before having convinced himself that the divisions are as perfect 
as demanded by the character of the article. 


The most accurate graduation, however, is of no value without 
a well fitting center. To prove both several methods are em- 
ployed. The surest test is to clamp the vernier plate to any 
point of the circle, then, if by adding the reading of the two 
verniers together—frequently repeating this manipulation upon 
different parts of the circle—the sum will always be 180°, they 
are correct. (This refers to plates graduated from 0 to 180° on 
both sides of zero; in case of a graduation to 360° a subtraction 
is required.) 

The graduation of an instrument having but one vernier can 
only be tried with the telescope, which would take several days’ 
time. 

It may also be remarked, that short lines on a graduated circle 
are of some advantage, as the spaces between them appear to be 
much larger, and there is consequently less fatigue to the eye 
while reading. Itis another fact that during the process of 
graduating the tool is not required to do as much work, and is 
therefore apt to keep its fine edges better, thereby securing more 
perfect work. 

The space between the circle and verniers must be very small 
if an accurate reading is to be obtained; it must appear through 
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a reading glass like a very fine black and uniform line, and should 
remain so during the revolution of the circle. 

In second-class instruments it is generally found that the 
verniers and circle are not set in the same plane; this is done to 
make any unevenness in the plate disappear, but it is a very 
objectionable feature, for it will cause parallax, and no accurate 
reading can be taken with such circles. 


The Telescope.—The telescope forms a very important part of an 
instrument and must therefore be closely examined. Thereason 
why so many telescopes of second-class instruments are called 
good is because they have a very low magnifying power, and con- 
sequently will give a good definition, but if the magnifying 
power of such teiescopes were to be increased to what it should 
be, with the same kind of glasses and workmanship, the defini- 
tion would be entirely lost. Experience has shown that a tele- 
scope of 114 inches length, such as is generally used in transits 
of the ordinary size, may have a magnifying power of twenty- 
four diameters, and will give a good definition and sufficient 
light, if the new Jena glass is used; while most telescopes of 
the same size, which I have had occasion to examine, show on an 
average a magnifying power of fifteen diameters only. It is 
true that a low power may be of advantage under certain atmos- 

-pherical conditions, but as a rulea higher power will give better 
satisfaction if the lenses are first class. 

Inverting telescopes, which are used almost exclusively in 
European countries, are comparatively little in vogue in the 
American engineering fraternity. They have a great advantage 
over the erect telescopes; the eye-piece having two lenses only 
and being shorter, the focal length of the object glass can be 
increased considerably, aud similarly may the magnifying power 
be increased without loss of light. 


Construction.—In regard to the construction, it appears to be 
the aim of most makers to build light instruments; but if too 
much reduced in weight, loss of steadiness will be the result. 
It is far more advisable for engineers, who want to use light in- 
struments, to place more confidence in smaller sizes, upon which 
the wind has less resisting surface. 
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The methods of placing the verniers of transits in such a posi- 
tion that they can be read without stepping aside while ob- 
serving, has been pronounced objectionable, because the size of 
the plate level, which is at right angles to the line of collima- 
tion, and which is the most important of the two, has to be re- 
duced. The manner in which this can be overcome without 
reducing its length, or without placing it over one of the ver- 
niers (which must affect the degree of accuracy of the reading 
considerably), and the way in which this level may be set with- 
out allowing it to extend beyond the circumference of the plate, 
I will explain on some other occasion. 


The Compass.—The compass should be made as large as possi- 
ble, but without reducing the value of more important parts. 
Tt can often be noticed that instruments with very large com- 
passes have the telescope standards fastened too far from the 
center, which reduces steadiness; while others, of course still 
worse, have much spare room between standards and compass 
box. The point of the center-pin, as well as the upper ends of 
the needle, must lie in the same plane with thé graduation, if the 
quivering motion which most sensitive needles possess, shall not 
be noticed on the reading points. As the accuracy depends 
principally on the pin and cap, these should consist of the best 
material, while the lift arrangement must be constructed in such 
a manner as to raise and lower the needle gently, in order to 
prevent the sudden jerking and falling, which so often is the 
cause for the rapid wearing out of the point and cap. 

It is an important feature of most all of the later instruments 
that the clamp by which the horizontal circle is held in position 
works toward the center on a collar, instead of being clamped 
on the circumference of the plate, and that all tangent screws 
are provided with opposing springs. 

The steadiness of an instrument depends upon its construc- 
tion; those that have the longest centers, with the shortest dis- 
tance between the tripod-head and the plates, and in which the 
distance between the leveling screws is large enough to secure a 
proper base, or, in other words, a strong foundation, will prove 
to be firm and steady even in a strong wind. 

It is also important that the telescope standards have bases 
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large enough to secure proper connections with the plate. It is 
furthermore of great importance to insure steadiness that the 
lower parts containing the leveling screws be made out of one 
solid star-shaped casting, instead of the common round plates 
into which the nuts are simply stuck. There seems to be no 
other reason for making this latter style than to save a few dollars 
in labor, 

If the star-shaped piece is slotted and provided with clamp 
screws, lost motion, which is liable to appear in time in the 
leveling screws, can be taken up. 

It goes without saying that all transit instruments should be 
provided with shifting centers, that ought to be protected by 
thin metal plate so as to keep the dust out. 


The Tripod.—The tripod legs must be light and strong, and of 
good hard wood, in order to secure steadiness, and should be 
fitted from the outside, so that any shrinkage of the wood may 
be drawn up by a nut at any time. In the older style, where 
the legs fit inside, this can not be accomplished, and in that case 
it not only reduces the steadiness, but may also lead to serious 
accidents. The split or skeleton legs are best suited to come up 
to all the requirements of a good tripod. 


The Case.—The manner in which an instrument is packed in 
its case is by no means unimportant. A transit must stand up- 
right, so that it can be taken out by holding the lower base- 
plates and leveling screws, and not the upper plates or the tele- 
scope axis. A Y-level box should be provided with an extra 
space for the telescope to rest in upon its collars. 


The Finish.—The outer finish of instruments, although having 
little todo with their accuracy, will always be found of some 
elegance in a first class article. Unfortunately most of the 
second-class possess a brilliant finish that only too often leads 
purchasers to overlook the more important parts. If engineers 
when selecting their instruments would thoroughly test the finer 
qualities, and take into consideration the construction, they 
would not only be certain to get a more perfect article, but would 
induce makers to construct and build instruments in accord- 
ance with scientific principles. 
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DISCUSSION. 


Mr. Wagoner—The paper is a good practical resumé of the 
principal points coucerning the working qualities of a field 
instrument, and I presume it refers solely to the selection of a 
new article. 

My experience is that instruments do not often retain the 
good points shown in the shop after the ordinary usage and 
almost inevitable rough handling in the field and especially in 
transportation. 


i] 


Wy 
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These injuries are usually springing or bending of the centers 
and eccentricity; that is, the two axes are not co-incident, and 
the latter condition is one common to nearly all instruments in 
a greater or less degree. I have seen it large enough to cause 
an error of three minutes in a right-angle. 
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As it may be necessary to try to do good work with such an 
instrument, I will explain my method of examining an instru- 
ment having two verniers. 

Set one vernier at zero and read the other, calling’ less 
then 180° minus and more than 180° plus; take such readings, 
say every 15° on the circle and tabulate them properly. The 
mean of all the readings will be the angular difference of the 
verniers from 180°; subtract this mean quantity from each 
of the original readings (having due regard to the algebraic 
signs), and then use the resultant new column, as follows: 

With any convenient radius draw a circle on acard board 
and divide the circle into as many parts as there are observa- 
tions, numbering the card like the instrument; then using the 
circle as a base-line, plot the resultant new column, calling in- 
side radical lines minus and outside radical lines plus, using any 
convenient scale; join the points thus plotted and cut out with 
a sharp knife the resultant figure, as shown in the accompany- 
ing engraving by shaded lines; balance it over a knife-edge in 
two or more positions and mark the center of gravity thus 
found. Replace the figure in the card board and with the 
original radius and center of gravity as a new center draw a 
circle. (See figure.) The variations from this new circle are 
the residual errors due to graduation and observation. 

Unless an instrument was either very poor originally or has 
been very roughly handled, these residuals should not exceed a 
few seconds. 

The center of gravity found by the above method is the ver- 
nier-plate axis; its distance from the original center is the 
amount of eccentricity measured by the scale used for plotting 
the figure, anda line drawn through the two axes gives its 
direction. 

When the residuals found by this method are small the orig- 
inal data may be plotted to any convenient scale, making the 
abscissze 0 to 860°, and the ordinates the observed variation from 
180°; with such correction card good results can be quickly 
obtained. 
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It is my wish to engage your attention on the consideration of 
the practical and every day application of storage batteries, 
rather than a scientific discussion of their theory. 

A resumé of the early history of this discovery and invention, 
which rivals the telephone in its commercial importance, may 
not be uninteresting. 

At the opening of the present century, in 1801, the French 
scientist Gautherot noticed that two similar metals, which had 
been used in the electrolysis of saline water, were capable, im- 
mediately after disconnection from the primary battery, of yield- 
ing an independent electric current, but in the opposite direc- 
tion and of short duration. 

Interested by this phenomenon, a few experiments were made 
by Ritter, De La Rive, and a few others, but nothing of any 
moment was accomplished until the subject was taken up by 
Gaston Plante, in 1859. The researches of this scientist were 
remarkably systematic and thorough, as far as they went, al- 
though crude as compared with recent laboratory results. He 
constructed for the purposes of the investigation what was called 
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a ‘‘ voltameter”’ or ‘‘ voltascope,” which consisted of a glass jar 
holding the solution, and a support for the metal under experi- 
ment. In his work he says: ‘*‘ We took care to lightit well, and 
its transparency admitted of perfect observation. All observa- 
tions were taken under the same conditions by employing wires 
of one diameter, immersed in the same quantity of liquid, and 
subjected for the same time to the action of the primary cur- 
rent.” Nearly all the metals were tried, and their action, chem- 
ically and electrically, carefully studied, with a view to con- 
structing a theory and finding the best metal for a ‘‘ secondary 
battery,” the name applied in contradistinction to the chemical, 
or primary battery. 


Plante found that the current from a lead storage battery was 
stronger and longer in duration than any of the other metals, 
and his decision being made he coustructed and exhibited his 
first accumulator before the French Academy of Sciences on 
March 6th, 1860. This cell congisted of two long sheets of lead, 
laid one on top of the other, and kept separate by a piece of 
thick cloth of the same size; the whole was then rolled into the 
form of a cylinder and immersed in a glass jar containing a 
dilute solution of water and sulphuric acid. This design of 
construction he found defective and inconvenient; the cloth 
separator prevented the free circulation of the solution, or 
‘‘ electrolyte,’ as we now term it, and in time, rotting, permitted 
contact between the two plates. This being but one of the 
many troubles, he altered his cell for a second, and then a 
third form, which he permanently adopted. 


The mechanical construction of the Plante accumulator was 
but a small factor of total completion, for the work of ‘‘ form- 
ing” the cell, or preparing it for useful service, represented 
months of care and treatment. When a new cell is connected 
toa primary battery for ‘ charging” for the first time, the fol- 
lowing action can be noticed: the plates are smooth and clean; 
almost immediately on the passage of the electrical current 
oxygen appears on the lead plate attached to the positive pole 
of the primary battery, and this plate being oxidized is covered 
with a thin layer of peroxide of lead (Pb O,). On the other 
plate the hydrogen reduces the slight layer of oxide which was 
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formed by exposure to the air, previous to immersion, and then 
escapes free. If now the charging current be broken and the 
secondary circuit closed, we obtain a slight current from the 
lead plates, but of very short duration; in fact, but a spark. 
The chemical action consisted of the hydrogen, which adhered 
to the negative plate, reducing the thin layer of oxide on the 
positive plate, and leaving a thin layer of finely divided lead; 
and as the reduction was quickly accomplished, the discharge 
was corresponding. 

To increase the discharging capacity of the cell, it is only 
necessary to increase its capacity for storing oxygen and hydro- 
gen, so to speak. 

If we now charge the cell in the opposite direction, 7. e., make 
the plate that was previously positive, now negative, we have 
the following result: oxygen appears on the now positive plate, 
which in the first charge was negative, and a layer of lead per- 
oxide (Pb O,) formed; on the now negative plate (previously 
positive), hydrogen is formed, and instead of practically all 
being set free, some is absorbed in the finely divided lead which 
was formed by the first discharge. If now we break the charg- 
ing current, and close the secondary circuit, we obtain a longer 
and stronger discharge. By continually charging and discharg- 
ing the accumulator, alternately reversing the polarity of its 
plates, the storage capacity gradually increases to the desired 
extent. The cell is then charged and discharged in but one 
direction; the negative plate consists largely of finely divided 
lead, and the positive plate of lead peroxide, when in a charged 
condition. It should be noticed that there is practically no 
chemical consumption of the elements, no change in their weight, 
and that charging is the decomposition of water, and the oxida- 
tion of the positive plate, while discharging is synthetical, form- 
ing water, and reducing the peroxide. 

Plante, after the completion of his work, had at best but a 
laboratory demonstration, and an apparatus of practically no 
commercial value. It is true that some were used for galvano- 
caustic purposes, firing mines, time signalling; but the many 
defects which arose, and their great deterioration, taken into 
consideration with the immense labor of manufacture, precluded 
any extensive commercial use. 
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The weight of his cells, for a given output, was considerable; 
the peroxide very shortly scaled off, owing to the necessity for 
frequent reversals in forming the cells, by the time complete 
development was reached the plates were rotten; more especially 
the positive, which became much more fragile than the nega- 
tive, as in this plate the chief wear took place. 7 


About the year 1878—eighteen years after Plante produced 
his first accumulator—the French chemist-electrician, Camille 
A. Faure, made his great invention, and produced what prom- 
ised to be a commercially successful accumulator. This was 
eagerly welcomed by the public, for the dynamo about this time 
came into very general use, and the need of an “ electrical res- 
ervoir” was urgently felt. Faure conceived the idea of mechani- 
cally applying the lead oxide or active material to the lead supports. 
His original cell consisted of two lead plates covered with a paste 
of red lead and sulphuric acid, mixed to a doughy consistency; 
the whole was then rolled together, being kept separate by a 
piece of cloth. This pile was then immersed in the electrolyte 
and subjected to a primary current, which converted the red lead 
or lead oxide on the positive plate to lead peroxide, and reduced 
the red lead on the negative plate to spongy lead. Thus Faure 
had made it possible to ‘‘ form” an accumulator in a few days 
rather than months; the capacity of the cells was greatly in- 
creased over the Plante cell, as a much greater quantity of 
active material could be applied mechanically than electrically; 
also the weight of the cell was greatly reduced for a given out- 
put. The invention was patented, the first claim being for an 
electrode consisting of a support, coated with an active layer of 
absorptive substances, so as to instantly become spongy, and 
thus capable of receiving and discharging electricity. This 
claim is the foundation of any successful accumulator. A com- 
pany was formed in Paris for the purposes of manufacture, 
and tons of theso storage batteries were put on the market for 
commercial uses. Thousands of dollars were expended before 
the many defects, both electrically and in mechanical design, 
were discovered, and it was sorely brought home to the origina- 
tors of the industry, as Dr. Lodge put it: ‘‘ that because it can 
be shown that a thing will be extremely useful when perfect, it 
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does not follow that it has already attained perfection; histori- 
cal developments are enormously against such abnormal and 
instantaneous maturity.’’ 


The immature forcing of the accumulator into prominence, 
and the unfounded claims made for it, caused the loss of public 
confidence, which has, however, been regained by repeated and 
successful demonstrations; 


The defects of the Faure accumulator were most noticeable in 
the peeling off of the active material, and the rotting of the 
cloth separator, which gave rise to many other faults. 

Meanwhile, other inventors entered the field of improvement, 
chiefly with a view of constructing a suitable support for the 
active material which would prevent scaling. Mr. Sellon, of 
London, produced a lead grid, the interstices of which were to be 
filled with the active material, and this design proved to be most 
suecessful. About this time—in 1881—the Electrical Power 
Storage Company, Limited, was formed in London by Sir Wil- 
liam Thomson, William H. Preese, and associates. This com- 
pany bought the patent rights of Sellon, Volchmar, Swan, and 
a few others, which covered all the essential improvements on 
the original Faure cell. Subsequently this corporation absorbed 
the Faure patents for England, and began to manufacture what 
is to-day known to the world as the ‘‘ E. P. S. accumulator.” 

In 1882 The Electrical Accumulator Company was formed in 
New York, controlling the American patents of the E. P. S. Co. 
of London, and a large factory was erected at Newark, New 
Jersey. 

Improvements have been made continually, on both sides of 
the Atlantic, and to-day we are turning out an accumulator 
which is practical and successful from every standpoint, as we 
are now demonstrating. 

Without tracing the gradual but marked development of the 
battery, from 1880 to 1890, I propose to conduct you through 
our factory, and follow the mannfacture of a cell. 

The foundation of a ‘‘ Pile,” as the assembled lead plates are 
called, is the lead grid. The pig lead is brought to the door of 
the foundry, and melted in large iron pots, the temperature 
being kept barely at red heat. The iron moulds or ‘chills,’ for 
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the casting, weigh, with their supports, some two handred pounds, 
whilst the cast grid weighs but two pounds; this is to prevent 
the too sudden cooling of the castings. Great care is necessary 
in the casting of the grids that they contain no flaws, or air- 
bubbles, and are of uniform strength. This is extremely essen- 
tial in a perfect cell, for the reason that the paste expands dur- 
ing oxidation, and unless this expansion is even, and does not 
subject the frame-work to an unequal strain, warping of the 
plates or ‘‘ buckling,” is apt to ensue. It is a noticeable fact, 
that buckling from chemical action is confined to positive plates, 
the negative being distorted usually only by mechanical pressure 
from the positives. 

The chill is carefully cleaned, heated to a proper temperature, 
and the molten lead poured from a dipper. 

There is now being prepared a new form of furnace, whereby 
the heat will be subjected to very accurate regulation, and from 
which the lead will be conveyed to the chills by means of a pipe 
and faucet. 

The grids, when cold, are dressed free from projections and 
gates by electric shears, and are then packed in the store 100m 
for future use, in the pasting department. 

For a time it was thought it would be beneficial to stiffen the 
erid by bars, or cast it from an alloy of lead and antimony, but 
from experiments deductions were drawn, that a grid of uni- 
form strength and soft metal, such as lead, was preferable. 

You will please notice the character of the interstices in this 
erid which I hold: they are in the form of two pyramids, in- 
verted, apex to apex, and the bases on either side of the plate— 
this serves the double purpose of keying the paste, and giving 
greater chance for expansion without straining any part of the 
grid support. Every grid is provided with a projection, called 
a ‘‘lug,’’ to carry the current. In the 15 L type cells, the grids 
are 9 inches wide by 9} inches high, by 3-16 inches thick, ap- 
proximately, and contain about 1,000 interstices. 


We will now proceed to the pasting room. In the manu- 
facture of the first accumulators, both the negative and positive 
plates were pasted with red lead (Pb, O,). In forming, the posi- 
tive paste is reduced to lead peroxide (Pb O,) and the negative 
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paste to spongy lead, requiring about two weeks of steady treat- 
ment, under the electric current to reduce the red lead (Pb, O,), 
to spongy condition (Pb.) It was conceived that the negatives 
could be pasted with a lower oxide, and hence the time neces- 
sary for forming reduced; we now use for the negative paste, 
litharge, (PbO). 
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Lead Grid 


The oxides are mixed with dilute sulphuric acid, to a con- 
sistency of stiff dough; the lead grid is laid on a marble slab 
and the paste evenly pressed into the interstices by a hard wood 
‘“ spatula,’ manipulated by hand. Hitherto, machinery has not 
been devised to successfully paste the plates. 

Great care is exercised in the selection of the oxides, and every 
load is chemically analyzed, as on their quality, to a great extent, 
depends the future of the cell. 

From the pasting department, the plates are carted to the 
drying rocm, where they are subjected to a temperature kept 
evenly at 100° Fahrenheit. The object of this is to harden and 
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set the paste. When thoroughly dried the next process is in 
the ‘‘ forming ’’ department. This treatment, as I have ex- 
plained, is for the purpose of reducing the oxides, and may be 
termed but a lengthy charge. The boxes in which this forming 
is conducted are each 14 inches long, by 10} inches wide, by 12 
inches deep, inside measurements. They are very strongly made 
and lined with sheet lead, the seams being burned; the capacity 
of each box at one time is 16 plates. 

The method and time of forming the positive and negative 
plates respectively have been frequently modified, and I make 
the following statements in this particular subject to correction: 

To form the positive plates, %. e., convert the red lead (Pb, O,) 
to lead peroxide (Pb O,) requires a current of 0.028 amperes 
per square inch, flowing for 48 hours. This constitutes but 80 
per cent. of a complete formation, the remaining 20 per cent. 
being effected when the battery has been installed for regular 
duty. This forming by installments is done to facilitate trans- 
portation of the accumulators, as the positives carry much better 
in this incomplete condition. 

To form the negatives requires a current of 0.023 amperes per 
square inch, for five consecutive days of 24 hours each. It is 
this very appreciable difference in time that necessitates the 
separate treatment of positives and negatives. 


But to return to the forming boxes—alternating with the 
plates to be formed are placed ‘‘ blind grids,” or dummies, 
which act either as positives or negatives according to the polarity 
of their opposites. After being thusly ‘‘ packed’’ in the form- 
ing boxes the plates are electrically connected by a No. 8 copper 
wire bound to the projecting lugs. A battery of sixty of these 
packed boxes is assembled and connected to a generator, through 
the proper instruments, for carefully measuring the current. 

From an elevated tank the solution, or ‘‘ electrolyte”’ for the 
plates, is drawn off through lead pipes; this electrolyte is dilute 
sulphuric acid, and water of specific gravity of 1.160. During 
the forming it is aimed never to shut down the current, and 
great care and nicety are observed in putting through the proper 
quantity. When all is completed the electrolyte is drawn off 
by gravity through lead pipes into a receiving tank, and, after 
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being fortified by commercial acid to make up for that absorbed, 
it is drawn up by a steam syphon into the elevated tank for use 
in the next forming. 

The formed plates are washed in clean water, carefully ex- 
amined for any defects, and then passed to the finishing room 
for assembling. 











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































15 L”* Ces 


The dimensions and descriptions heretofore given have been 
of our 15 L type cell, which is the largest made and the one 
most generally adopted. Ll'or the negative element, 8 plates are 
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clamped in position, and to the projecting lugs is burned a long 
lead strip called the common negative lug; there is also a second 
strip burned to the bodies of the plates fer the purpose of 
increasing their rigidity and conductivity. For the positive 
element, 7 plates are likewise burned together. 


In the cells first manufactured there were just as many positive 
plates as negatives, but this gave rise to ‘‘ buckling,” or warping 
of the extreme positive, for the reason that the chemical action 
on both sides was not equal, and resulted in uneven expansion; 
this was remedied by the addition of one more negative. 


For the purpose of burning the numerous joints about a 
cell, air and hydrogen under pressure are used making a fine 
pencil of flame, an inch or two long, and about ¢ inch thick. 
The negative element is braced and supported on both sides by 
hard rubber bridges, and stands as you see it; a positive element 
is set inside, a negative plate alternating with every positive, 
and being kept separate, electrically, by these four rows of hard 
rubber pins. This constitutes the ‘‘ pile,” as we term it, com- 
plete. From this mechanical construction, repairs and renewals 
are most readily effected. 

The piles are now placed in strong pasteboard boxes, which, 
in turn, are packed with excelsior, each in a heavy wooden case, 
and stored in a room protected from extremes of heat and coid, 
and from which they are shipped in closed cars as required. 

The containing jars are made either of glass or hard rubber, 
for stationary or portable purposes respectively. 

There are now manufactured five sizes of accumulators, which 
are known as the 15 L, 23 M, 15 M, 7M, and 5 §; L being the 
abbreviation for large, M for medium, and S for small sized 
plates; the figures designate the number of plates in a cell. 

To give an idea of the relative storage capacity of the differ- 
ent types, at normal rate of discharge, the 15 L cell, weighing 
130 pounds all complete, will yield electrical energy the equiva- 
lent of a little over 2.25 H. P. fora period of ten consecutive 
hours, equal to 4H. P. hours; the 23 M, weighing 40 pounds, 
will discharge the equivalent of 0.067 H. P. for six consecutive 
hours, equal tou 0.402 H. P. hours; the 15 M, weighing 25 
pounds, will discharge 0.04 H. P. for 6% hours; the 7 M, weigh- 
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ing 15 pounds, will yield 0.016 H. P. for 62 hours, and the 5 §, 
weighing 2 pounds, .0053 H. P. for 4 hours. 


Work is a multiple of two factors, viz., pressure and quan- 
tity; the electrical unit of work is the watt; of pressure, the 
volt; and of quantity, the coulomb. The coulomb is that quan- 
tity of current having a cross-section, as it were, of one ampere 
flowing for one second. 


A watt, of course, is equal to one ampere, multiplied by one 
volt. We speak of a stream of water, flowing from a pipe, at x 
cubic feet per minute or second, at y pounds pressure; using 
this convenient analogy, and imagining the stream of water to 
be a current of electricity, we would say the current strength or 
quantity was x amperes, at a pressure, or potential, of y volts, 
and the work, or watts, would be represented by (xy). 

Each cell, in fair condition, when charged, has a norma! ef- 
fective pressure of two volts, and its quantity, or ampere output 
is directly proportional to the number and size of the plates. 
The normal discharging currents of the 15 L, 23 M, 15 M,7 M, 
and 5 S cells, respectively, are 30, 25, 15,6 and 2 amperes. 
these figures are approximately 80 per cent. of the maximum 
discharging current allowed by the manufacturers. 

The cells can be discharged at a rate greatly in excess of even 
the maximum rate, but only at the expense of their efficiency 
and life. 

One of the features of the Faure accumulator, eminently nec- 
essary in actual use, is the fact that they maintain nearly a con- 
stant pressure or potential, from the beginning to the end of 
discharge. The pressure curve is an almost horizontal line, 
until it drops very abruptly, at the end of discharge. In a prim- 
ary cell the fall is steady and gradual. " 

This is a brief outline of the evolution of the accumulator of 
to-day; ten years have marked the development from the crude 
application by Faure of his invention to the perfected apparatus, 
which is as necessary to the electrical industries of to-day as 
the gasometer to a gas plant. 

In the application of accumulators to the various industries, 
and as adjuncts to lighting plants, many obstacles of regula- 
tion were encountered, and the field of advancement in this 
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direction promised to be no smaller than that of the accumu- 
lator itself. As you will soon perceive a battery, without regu- 
lating apparatus, is useless. 

A description of the installation and operation of an accumu- 
{ator plant for lighting, or power purposes, will give a fair idea 
of the method of application. 

The first consideration is the necessary, or most economical 
ratio of capacity, between the dynamo machine and storage 
battery. A parallelogram of the 24 hours is laid out, and on it 
we plot the light curve of the building or institution to be 
illuminated. For example, I have plotted an imaginary case on 
the board: 
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From this we see that the greatest number of lights burned 
at any one time is 160, and that the heaviest load comes between 
6 p.m. and 12 midnight. As there is always loss in conversion 
of power or current, it is most economical to operate the engine 
and dynamo when most lights are being burned. To operate a 
160 light dynamo will require an engine developing 16 mechan- 
ical H. P. It is an established fact that an engine and dynamo 
are running most economically when at full load, 7. e., the cost 
per light in fuel is least when 160 lamps are burning and con- 
siderably greater when but one is burning; this is not consider- 
ing the constant expenses of labor, taxes, interest, ete. In 
many direct lighting plants that which is made or saved before 
12 o’clock midnight when the load is heavy is lost after 12, owing 
to the necessity of running to supply what few lights may be 
needed. Therefore we wish to operate the engine at such a 
time as the load is full and constant. 


Elder on Accumutlators. 165 


Calculating from the eurve the total consumption of light in 
‘the 24 hours is 1,692 lamp hours; of these 610 are burned be- 
tween the hours of 12 midnight and 12 noon, and the balance 
1,082 during the remaining hours. If the dynamo be operated 
at full load, 160 lamps, from 12 o’clock noon to 12 midnight, 
the total energy generated will be equal to 1,920 lamp hours; of 
this number 1,082 will be burned direct, leaving a surplus for 
‘* storage’ of 888 lamp hours. The manufacturers guarantee 
that a battery properly cared for will return 80 per cent. of the 
current put in, and after allowing this 20 per cent. loss by con- 
version, there is an available 670 lamp hours which can be re- 
claimed from the battery; as there will be required but 610 lamp 
hours, a surplus remains for emergencies of 60 lamp hours. 

As stated, during the 12 hours run, the dynamo will generate 
the current equivalent of 1,920 lamp hours; the plotted curve 
shows that there will have been used 1,692 lamp hours, and 
adding to this the 60 lamp hours surplus the available, or re- 
claimable output, is 1,752 lamp hours for 1,920 generated, hence 
the loss by conversion is 168 lamp hours, or 8? per cent. 


The monthly expenses of operation, in fulfillment of the 
above conditions, will be approximately as follows: 
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Depreciation of plant, at 10 per cent. on its entire first 
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Fuel is calculated at four pounds per horse power hour, and 
an additional allowance of 20) per cent. for getting up steam. 

From these figures we can ascertain two facts, viz: Will it pay 
to put in the plant? Andif so, will it pay to install accumu- 
lators in addition? 

As stated there will be consumed, or are now, 1,752 lamp 
hours daily, or 52,560 lamp hours per month of thirty days. A 


‘ 
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gas jet giving 16 candle power consumes at least 6 cubic feet 
per hour, therefore the equivalent of 52,260 C. P. in cubic feet 
of eas is 315,360, which, at $2 per M feet, amounts to $630.72 
per month. 

It will cost, as shown, to operate the accumulator plant, 
$338.85, and the net saving over gas will amount to $291.87. 

It will pay to install the plant. As tothe installation of accu- 
mulators, in addition to the dynamo, is it, or not, a business 
proposition? 

Let us estimate the cost of operating the plant all 24 hours 
without accumulators, granting that it is practical, no break- 
downs occurring or other interferences arising: 


TEOpeneINBerdarerr. 6 2. <a ee aes \.. & eee eee $180 00 
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Lamp renewais,at-44 cents... 2 Sas: . “eee eee 22 33 
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Depreciation of plant, at 10 per cent,..2..).0...42.... 25 00 
Interest on investment, at 6 per cent.................. 15 00 
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I arrive at the coal consumption, as follows: 


The total light consumed is 1,752 lamp hours daily, or an 
average of 73 per hour, and allowing that the efficiency would 
be the same as a full load, the power required is 7.3 H. P. per 
hour, at four pounds per H. P. hour, and allowing as before an 
additional 20 per cent. for getting up steam, there would be con- 
sumed 18.28 tons per month, which at $8, amounts to $106.24; 
this is granting that the efficiency of the steam plant on 15 per 
cent. load is as high as at full load—which is impossible. I esti- 
mate that the efficiency suffers likely by 30 per cent., and the 
coal consumption would, at least calculation, amount to $151.77 
per month. If you recollect, the operation of the accumulator 
plant cost (estimated) $338.85, and even on this basis—a prac- 
tically impossible one, for no machinery can be operated twenty- 
four hours daily, without rest or breakdown—the operation of a 
direct plant, under the same conditions, would cost (estimated) 
$80.25 more. 
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There remains a third question to settle: Would it be cheaper 
to put in a direct plant, operate it between the hours of 6 P. m. 
and 12 midnight, and during the balance of the twenty-four 
hours use gas? We estimate that the cost of operating the plant 
for six hours, is as follows: 
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During this time we have supplied 862 lamp hours, which leaves 
890 to be supplied by gas, which would consume, at six cubic 
feet per lamp hour, or 5,340 cubic feet per day, equal to 160,200 
cubic feet per month of thirty days, which, at $2 per M feet, 
amounts to $320.40 per month. Add to this the cost of opera- 
ting the electric plant, and the total cost of the illumination 
amounts to $542 89. 

Concentrating our figures, a sammary shows: 


ihe cost of illuminating by pas alone-wee............ $6380 72 
“¢ 6 ee "direct; pigtmeeene 4... . meal. 
&< Tt os ‘* electricity and gascombined 542 89 
< 6 ee S©— CCUM) Siena, ms oa cas so as 338 85 


Deduction: Accumulators are eminently !the proper method 
in this case. 


The proposition on which I have estimated, is by no means an 
exceptional case, but of course the calculations are but approxi- 
mate. 


There are truly instances in which the accumulator would be 
of little use as an economizer, but none where it would be a 
superfluity. 

On a certain class of large installations, it pays to install du- 
plicate electric plants, and work two or three gangs of men, but 
even here the accumulator has its work. 

If the ampere meter, indicating the current output, be noticed 
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during the run, the readings will vary and fluctuate, and if from 
these read.ngs a load curve be plotted, it will be found to gen- 
erally contain ‘‘ hollows,” representing the turning on or off of 
lamps. These hollows represent an actual loss of fuel, unless 
they extend over a period of long duration, for no firing can be 
so closely regulated as to save the fuel which they represent. If 
accumulators be included in the installation, these otherwise 
lost hollows are saved, and 80 per cent. returned for useful work. 


But to resume the installation of our plant. The capacity of 
dynamo and battery having been determined upon, a place is 
selected, guarded from excessive moisture, and from heat or 
cold, and here shelving or tables to support the battery are 
erected; care is taken to have strength, and the shelves so sup- 
ported as to be dependent upon screws or nails as little as pos- 
sible, thus guarding against a breakdown by reason of corrosion 
from the acid spray. If expense be no consideration, all the 
woodwork is covered with beaten lead, but usually the shelving 
is painted with P. & B. compound, or asphaltum varnish, both 
of which are excellent protectors. 


The cells are now unpacked, and carefully cleansed from dust 
and excelsior; the rubber pins are straightened, so as to avoid 
uneven pressure; the lugs are brightly scraped, and the pile 
placed in the glass jar. The jar is placed on an insulating tray, 
sawdust being used for obtaining an even and yielding seat, and 
also serves the purpose of an absorbent for the drippings. This 
insulating tray is for the purpose of preventing electrical leak- 
age through moisture. 


When all are in position, the lugs are joined by brass bolts, 
and the whole connection painted with melted paraffin wax, to 
prevent corrosion. The cells are connected, of course positive 
to negative, leaving one free positive and one free negative. 
The switch-board for the controlling instruments is placed near 
the dynamo, as but little attention is required anywhere else, 
the battery being connected to the switch-board by wire cables. 

It is always preferable to use what is called a ‘‘ shunt wound ”’ 
dynamo, which is a type not subject to reversals of polarity—a 
sorry disaster for the battery and also machine. Its voltage, or 
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potential, must be in excess of that of the battery, otherwise 
there will be a back flow of current. 

The positive pole of the dynamo is connected to the positive 
of the battery, and likewise the two negatives. If now the 
plant be started running and a belt flies off or steam goes down, 
or if, for any reason, the voltage of the dynamo falls below that 
of the battery, there will be a back discharge and waste of cur- 
rent around the dynamo, which, in some cases, might result se- 
riously to the machine. To prevent this there has been devised 
an automatic break-switch, which opens the circuit whenever 
necessary. 


As already stated, thereis a rate above which the cells should 
not be allowed to discharge, and to prevent too heavy a current 
being forced in or drawn out we have an automatic overload 
switch, which, at the proper moment, opens the circuit and in- 
troduces resistance, thus checking the flow. The current from 
the dynamo flows through an ampere-meter, which indicates the 
total current generated. In circuit with the battery is an ampere- 
meter, which indicates whether the current is flowing in or out 
of the battery, and how much. If there are lamps being burned 
at the time of charging, by subtracting the current taken by the 
battery from the total amount generated, the remainder is the 
current absorbed by the lamps. A volt-meter or pressure indi- 
cator is arranged so as to permit of readings being taken from 
the dynamo, battery, or lamp circuit, this being a guide as to 
the proper incandescence of the lamps. 

-Ashas been stated, to permit of a current being forced through 
the battery, it is necessary to keep the pressure of the charging 
dynamo in excess of the normal pressure of the battery; this 
normal pressure is the point at which the lamps should be 
burned, as any raise in the voltage is greatly sacrificial of their 
life, increasing approximately as the cube of the excess; there- 
fore, to burn lamps and charge the battery at the same time, it 
is essential to have means of absorbing this excess, and this is 
done by means of ‘* Counter Electromotive Force Cells ’’—mean- 
ing counter-pressure cells. These cells are made of an alloy less 
oxidizable than lead, and have no paste, the interstices being 
vacant; in other respects they resemble the accumulator of the 
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same type. When a current is passed, they immediately offer a 
counter-pressure of two volts; their storage capacity is nil. 
These cells are so connected that they can be thrown in or out of 
the lamp circuit, one at a time, until the lamp pressure is cor- 
rect, by means of a 5-point cell switch. The original method of 
government was to cut in or out some cells of the battery, the 
result being that these particular cells were not charged and dis- 
charged to the same extent as the remainder, which gave rise to 
several faults, which are overcome by this later plan. 

All the main wires, as is usual in all electrical installations, 
are protected by safety fuses; these are made of an alloy which 
fuses at a certain temperature. The strips are so proportioned 
as to carry the proper current for its particular wire, and if from 
any accident the quantity should be increased, the fuse will 
‘‘blow,” open the circuit and prevent undue or dangerous heat- 
ing of the circuit. All instruments are on slate or porcelain 
bases, thereby admitting of no absorption of moisture, warping, 
or burning. The connections of the switch-board completed, 
are shown on the board. Those named are but a few of the 
many instruments devised for different applications, such as 
charging from arc circuits, etc. 

The construction work all completed, and steam up, we are 
ready for the first charge, which requires twice the time of any 
subsequent charge, as it is necessary, if you remember, to com- 
plete the forming of the positive plates. The electrolyte has 
been mixed to a specific gravity of 1.160, and is perfectly cool. 
Each cell is partly filled so as to cover the plates about one inch, 
and on testing with the volt-meter, the indication is about 70 
per cent. of the normal. This current we throw into the fields 
of the shunt dynamo, and correctly polarize them for our pur- 
pose. The machine is started, and when the potential is just 
above that of the battery, the circuit is closed and a light cur- 
rent sent through the battery. The cells are now completely 
filled, the current being on all the while—the object of this is 
to prevent injurious sulphating starting in, which occurs when 
they are left standing in the electrolyte in a discharged condi- 
tion. 


A current averaging about 28 amperes is put through the battery 
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for nearly 27 hours, equal to 750 ampere hours, the regular charge 
being 375 ampere hours. The paste in the negative plate is re- 
duced from litharge (Pb O) to spongy lead (Pb), and the positive 
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from red lead (Pb, O,) to lead peroxide(PbO,). In three charges 
the battery develops its regular working state, and the time of 
charging from then on depends on the previous discharge. The 
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state of charge is indicated by the specific gravity of the elec- 
trolyte as shown by a graduated hydrometer, the specific grav- 
ity of the liquid falling as the cell is discharged, and rising as it 
is charged. A complete charge is indicated by the electro mo- 
tive force of the battery, effervescence of the electrolyte, and the 
maximum specific gravity. 

An accumulator in a lighting plant has other advantages than 
merely an economizer. In direct lhghting it is essential that 
there be used none but the best automatic engines, for irreg- 
ularity of speed is fatal to a steady light, and if the load be fluc- 
tuating, constant attention is necessary at the dynamo. 

By the use of a storage battery this serious difficulty is over- 
come, and an absolutely steady and constant light is availabie 
when charging and burning direct, even with the most unsteady 
power; this fact is eminently demonstrated in the use of gas 
engines for charging purposes. Any hollows in the electro 
motive force of the dynamo are instantly filled in by the back 
pressure from the battery—this is noticeable in the deflections 
of the ameters—that of the battery immediately following. The 
deterioration of a battery is a matter of considerable interest. 

Certain parts, of course, are not depreciable, such as the jar, 
insulating tray, etc.; the chief wear comes on the positive plate, 
and very little on the negative, as the hydrogen is occluded me- 
chanically, so to speak. The positives, at the end of their life, 
become worn and rotten, the lead grid having been oxidized; 
under proper usage they should last from three to five years. In 
fact, the rate of deterioration has been so determined, that the 
manufacturers are willing to supply all renewal plates, indefi- 
nitely, for a certain percentage per annum, depending on the 
work habitually required. 


The EK. P. 8. Co. of London, during the year 1888, installed a 
10,000 light accumulator station at Chelsea, England, and from 
their report, published in the English Electrical Review, Febru- 
ary 21, 1890, I make the following extracts: 


‘*T would point out that one of the advantages of the system 
adopted at Chelsea is, that it lends itself readily to gradual in- 
crease of plant, according to the necessarily gradual increase in 
the demand, and does not necessitate at starting the large ex- 
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penditure of capital on buildings and heavy machinery, as with 
direct running systems, in which a long time may elapse before 
sufficient work can be found to fully employ the plant. All the 
electricity which has been produced has been supplied to the 
consumer direct from the E. P. 8. storage batteries. 


‘* The consumer is never, under any circumstances, in connec- 
tion with the charging current, and therefore he is not subject 
to the disagreeable pulsation and inequality in the light often 
noticeable when it is produced direct from running machinery. 
Nor is he in any way hable to the inconvenience of sudden 
total extinction of his light from difficulties or mishaps with 
boilers, engines or dynamos. It is an interesting fact that upon 
the HE, P. 5. system, when the batteries are being charged, the 
engines and dynamo-electric machinery are always operating 
under the conditions of highest efficiency and maximum output. 
This is proved in practice by the small consumption of coal, 
which, for every Board of Trade unit actually supplied to the 
consumer’s lamps, has an average of about eleven pounds. You 
will be gratified to learn that little or no symptoms of wear are 
discoverable, even on those E. P. S. batteries that have been 
longest in use; and in no case has a single plate had to be re- 
newed. 


‘* T wish to call particular attention to this question of depre- 
ciation of accumulators, because it is one of the main points 
urged against their adoption. I have always contended that in 
practice it would be found that when storage batteries were in- 
stalled in central stations (where one man can look after several 
hundred cells with as much ease as he can look after a few in a 
private installation) that better results would be obtained than 
had almost ever been got before, and experience is now showing 
this to be a fact.’ The batteries in this station are all in glass 
cells, and you can therefore judge for yourselves what excellent 
condition they are all in; but a still s{ronger answer is found in 
the fact that the manufacturers are prepared to supply all the 
necessary material for the renewal of any plates or portion of 
the battery that require renewing, at the annual rate of 12 per 
cent.; but here at Chelsea, where we have engineers who are 
well acquainted with E. P. S. storage batteries, we have declined 
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this offer of the manufacturers, because we prefer to be our own 
insurers, as we know it will cost us less than that.” 


The many and varied uses to which accumulators are being 
put, would require a volume for enumeration. 


In marine work the field is large, and considerable has been 
accomplished, especially in the propulsion of small launches 
and torpedo boats. There are some twenty or more storage bat- 
tery pleasure boats on the Thames, England, which are rented 
out by the day. This is an immense improvement over steam 
and gasoline launches, and is fully appreciated by luxurious 
pleasure-seekers, when they notice the absence of soot, smoke, 
odors, noise, and cramped quarters. The battery is placed 
under the floor of the boat, and also serves the purpose of bal- 
last. Onthe Atlantic shore there is an accumulator launch, The 
Magnet, of which we have particulars. She is 28 feet long, with 
6 feet beam, and 3 feet depth amidships, and draws 30 inches of 
water at the stern. The motive power consists of 56 cells of our 
23 M type accumulator, and one Reckenzaum motor, situated in 
the stern, and coupled directly to the shaft. The manipulation 
of but two switches gives perfect control for starting, stopping, 
and reversing. 


The total weight of battery, motor, shaft, screw, etc., is 3,000 
pounds, which is about equal to boiler, engine, ballast, fuel, 
etc., for a steamboat of the same size. The speed of the boat is 
from six to eight miles an hour, and on one charge she will run 
about 80 miles; 23 electrical H. P. are developed. 


Such launches as this might be very effective in the Custom 
House service for patrol work; to illustrate their noiseless mo- 
tion, Prof. Anthony Reckenzaum caught a sleeping sea-bird in 
the English Channel. 


The battery has also been applied in propelling dog-carts, tri- 
cycles, etc., but this is hardly practical for everyday use. 


Yacht lighting has been very satisfactorily accomplished, the 
chargiug usually being done from a dynamo on shore. 


The accumulator is the solution of the train-lighting problem. 
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It is granted that primary cells are out of the question, and 
there remains but two methods—the accumulator and the direct 
system. For direct lighting, the dynamo is placed in the bag- 
gage car, and is driven by a small engine fed from the locomo- 
tive boiler; the cars are connected to the dynamo by means of 
wires. The most serious objection to this method is, that de- 
tached coaches are in darkness. 


In the storage system, the battery is placed under the body of 
the coach, and removed for charging when necessary. 

The storage battery has made a radical innovation in the 
dental and medical professions, and the use of the primary cell 
is fast disappearing. 

Small power users of all classes most appreciate the phrase, 
‘Light and power on tap.” 


The latest development of the usefulness of the accumulator 
system, and one which promises to exceed any of the others in 
its commercial importance, is storage battery street car traction. 
Its advantages over all other modes of street railway operation 
and particularly of the overhead electric and cable systems are 
both numerous and apparent: 


1st.—The cost of construction is considerably less. 


2d.—Each car is an individual motor, and independent of 
every other one. 


3d.—In case of an accident to the steam plant, the whole 
road is not immediately stopped. 


4th.—The thoroughfares are not marred by the poles and 
overhead conductors. 


Gentlemen—The importance of the subject, and my desire to 
touch upon as many points as possible, must be my apology for 
the length of my paper, and for the meagre manner in which, 
of necessity, I had to handle the details, which I trust you have 
found not altogether uninteresting or uninstructive. 


Upon your adjournment the Pacific Electrical Storage Com- 
pany cordially invites you to visit Swain’s Bakery, on Sutter 


é 
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street, and there inspect an accumulator plant that has been in 
actual operation, 24 hours per day, for the past year without 
repairs or renewals of any sort. 


R. B. ELDER, Electrician, 


Pacific Electrical Storage Company, 220 Sutter street, — 


San Francisco, Cal. 
January 2, 1891. 
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(VotumeE VII. No. 5.) 


NOTES ON THE BEHAVIOR OF STEEL RODS AT 
THE ELASTIC LIMIT. 


By Luruzer Waconer, Mem. Tech. Soc. 
[Read at the April Meeting, 1890.] 


In the transactions of the American Society of Civil Engineers, 
Vol. 3, is an account by Louis Nickerson of the examination of 
glass beams and rods under stress, by the use of polarized light. 
The principal fact shown in these experiments is, that the 
beams or rods are apparently not under uniform stress. In the 
case of glass rods or columns under stress, certain dark bands, 
normal to the direction of the force applied, were observed, 
whose interval of spacing varied with the load. 

Mr. Nickerson’s idea was that the dark bands were lines of no 
molecular disturbance, but no theory was presented as to their 
probable cause. 

Having witnessed these experiments, the writer thought a 
possible explanation of the black bands might be due to inter- 
ference of wave action; thus, if the present notion of molecular 
arrangement be correct (7. e., stresses are transmitted by wave 
action), there might exist nodal points in a rod under stress, 
where the stresses by interference would be neutralized, and 
in consequence there would be no change in the diameter. 
Hence, if a carefully turned and polished metal rod be pulled to 
a point slightly below the elastic limit, its surface should present 
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a corrugated appearance; and if pulled to a point slightly above 
the elastic limit, the flow should take place between the nodes, 
leaving the latter unchanged in diameter. 
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Appearance of the surface of a steel bar after stretching. 
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To test the matter, Lieutenant-Commander F. P. Gilmore, 
U. S. Navy, had prepared a number of rods of rivet steel (open 
hearth); the rods were twenty inches long, and turned and pol- 
ished for a length of twelve inches, the diameters of the turned 
part ranging from five-eighths to one inch. 

The rods had an average breaking strength of 55,000 pounds 
per square inch, and the elastic limit was about 35,000 pounds 
per square inch. They were pulled in the testing machine at 
the Union Iron Works. 

When nearing the elastic limit a slight difference of diameter 
could be felt, but this disappeared when the stress was reduced; 
at the moment of reaching the elastic limit the line of hght 
reflected from the polished surface, which had been narrow and 
straight, suddenly became irregular and rather sinuous, the 
corrugations upon the surface being apparent to the touch. To 
develop these corrugations so that they would be visible at all 
points upon the surface, the rods were “honed,” by carefully 
drawing a flat hone 14 inches wide along the bar, thus touching 
all the high points and leaving the surface in a condition to be 
easily observed. 

The accompanying engraving is an accurate development of 
the surface of one of the rods, for a longitudinal distance of 5.5 
inches, the diameter of which was 0.93 inch; the lines in this 
drawing are the scratches or marks made by the hone, and also 
the high or unaltered parts of the rod where there was little or 
no flow of metal. 

Although somewhat irregular, it will be noticed that there isa 
general parallelism of the principal lines, and some degree of 
uniformity of spacing between them, perhaps as close as could be 
expected from an unannealed rod not perfectly homogeneous. 

From the experiments made there is ground for the belief that 
homogeneity of the metal will be indicated by the regularity of the 
lines thus oblained, as the rods can be honed without removing 
from the testing machine; the method can be easily applied 
before testing to destruction, and in this way perhaps an addi- 
tional test for QUALITY OF MATERIAL may be had. 

Additional experiments upon carefully annealed bars appear 
desirable. 
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REGULAR MEETING. . 
September 5, 1890. 


Called to order at 8:30 Pp. m. by President John Richards. 


The minutes of the last regular meeting were read and ap- 
proved. 


The following gentlemen were duly elected to membership in 
the Society: 


Members—Harold T. Power, Mining Engineer; Charles J. 
Koefoed, Mechanical Engineer; C. I. Hail, Mechanical Engi- 
neer; James C. Gilfillan, Mechanical Engineer; B. McIntire, 
Mechanical Engineer; Fred. Orton, Mechanical Engineer. 


Junior—Robert Edwin Bush, Graduate College of Engineer- 
ing, University of California. 


The following propositions for membership were announced, 
and disposed of in the usual way: 


For Members—Townshend S. Brandegee, Civil Engineer, pro- 
posed by Hermann Kower, H. C. Behr and E. J. Molera; Byron 
Jackson, Manufacturer, proposed by John Richards, H. C. Behr 
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and K. J. Molera; Alpheus Bull, Jr., Mechanical Engineer, pro- 
posed by H. C. Behr, F. Orton and John Richards. 


For Associates—Dr. H. H. Behr, Physician and Scientist, pro- 
posed by H.C. Behr, Hermann Kower and HK. J. Molera; Dr. H. 
W. Harkness, President California Academy of Sciences, pro- 
posed by John Richards, E. J. Molera and Ross E. Browne; Dr. 
Franz Kuckein, Physician, proposed by Hermann Kower, F. 
Orton and E. J. Molera; Edward Schild, Accountant, proposed 
by Otto von Gelderen, H. C. Behr and E. J. Molera. 


Publications received by the Society: 


‘* Proceeding of the American Academy of Arts and Sciences,” 
from May, 1888, to May, 1889; ‘‘ Transactions of the American 
Institute of Mining Engineers, Washington,’ meeting Febru- 
ary, 1890; Annales Ponts et Chaussees,”’ June 1890. 


President Richards suggested that a visit be arranged by the 
members to the U.S. Navy Yard at Mare Island. He also re- 
ferred to the subject of elevators, and mentioned incidentally 
that the Hall Elevator had given some excellent results of effi- 
ciency, and that an inquiry would be of great interest to the 
Society. 


Mr. Calvin Brown, Civil Engineer U.S. Navy, then addressed 
the members on the history, manufacture and application of 
calcareous hydraulic cements. This address, highly appreciated, 
led to an interesting discussion of some length. Mr. Molera 
asked how long a time it required for the complete aeration of | 
the cement, Mr. Brown replying that it depended upon the 
article, the usual time being from one to three weeks, as the 
case might be. Mr. Percy inquired whether cement, during a 
sea-voyage, underwent any chemical change, whereupon Mr. 
Brown said that it frequently did. 


In reference to the practicable thickness of layers, it was said 
that it was customary to spread the concrete from eight to ten 
inches, but that blocks had been made eighteen feet thick in 
Dublin Harbor. 


Mr. Molera proposed a vote of thanks to Mr. Calvin Brown for 
the able and entertaining discourse, which was extended, the 
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President instructing the Secretary to prepare a written testi: 
monial of the Society’s appreciation for Mr. Brown’s valuable 
paper. 


The committee appointed to visit the breaking of one of the 
experimental cement and iron floors, constructed for that pur- 
pose under the patents of Mr. P. H. Jackson, made the follow- 
ing general report in an informal manner: That two members of 
the committee had visited the experimental station, and had 
been courteously received by Mr. Jackson. That general ob- 
servations of the break had not been possible, for the reason 
that the ground had settled under the weight, so that the floor 
became warped and strains were introduced that the structure 
was not designed to resist. These conditions caused the floor 
to give away under a load of about 900 pounds per square foot. 
That it is to be regretted from an engineering standpoint that 
the floor was tried under conditions to which it would not be 
subjected in practice. But'the test, however, helped to sustain 
the established fact that concrete and iron constructions are of 
the greatest efficiency, showing that even under adverse circum- 
stances good results are obtainable. 


In connection with this subject, the committee ventured to 
suggest that it would be of advantage if parties wishing the 
Technical Society to interest itself in experiments would let the 
Society know thereof in the beginning, or at least before prepa- 
rations for the experiments have been completed, so that steps 
could be taken to secure the most accurate observations, from 
which detailed reliable data might be obtained for the future. 


These statements regarding the subject of the tests were sub- 
mitted by H.C. Behr, member of the committee. 


Mr. P. H. Jackson then made a few remarks about bis method 
of construction. 
Adjourned. 
H. C. Brur, Acting Secretary. 
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REGULAR MEETING. 
October 3, 1890. 


Called to order at 8:30 Pp. m. by President John Richards. 


The minutes of the last regular meeting were read and 
approved. 


The following gentlemen were elected to membership in the 
Society: 


Members—Townshend §. Brandegee, Byron Jackson, Alpheus 
Bull. 

Associates—Dr. H. H. Behr, Dr. H. W. Harkness, Dr. Franz 
Kuckein, Edward Schild. 


The following propositions were read and disposed of in tbe 
usual way: 

For Members—Ralph H. Moore, Mechanical Engineer, pro- 
posed by H. C. Behr, A. Schierholz and H. Vischer; Edgar H. 
Booth, Mechanical Engineer, proposed by John Richards, H. 
C. Behr and F. Orton; Carl A. Stetefeldt, Mining Engineer, 
proposed by H. C. Behr, John Richards and H. Vischer; S. B. 
Connor, Mechanical Engineer, proposed by A. Schierholz, James 
Spiers and John Richards; M. B. Dodge, Mechanical Engineer, 
proposed by John Richards, H. C. Behr and Otto von Geldern. 


The President referred to the proposed visit of the Society 
to the U. S. Navy Yard at Mare Island, and stated that arrange- 
ments were making with the Navy Yard authorities, and that 
the members would be informed thereof in good time. 


The death of Mr, Emil Adler, at one time a prominent mem- 
ber of the Technical Society was announced by the Chair. The 
deceased met his death suddenly at Portland, Oregon, a few 
days ago. 

Upon motion a Committee was appointed to draft suitable 
resolutions of condolence and sympathy for the relations and 
friends of the departed member, consisting of Messrs. Gutzkow, 
Percy and Vischer. 


Mr. H. C. Behr, Mechanical Engineer, then read a paper 
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entitled: ‘‘ Experimental Works for Ores requiring Coarse Con- 
centration,’ which was discussed at some length. 


A vote of thanks for the author was passed. 


Mr. F. Gutzkow communicated to the Society a plan for a 
new hydraulic safety device for elevators, invented by himself, 
the principle of which he explained by the aid of sketches on 
the blackboard. Remarks were made by several members re- 
garding the device, the President stating that in his opinion an 
elevator should be so constructed as to require no additional 
mechanism to insure its safety. 

Adjourned. Orro voN GELDERN, 

Secretary. 


REGULAR MEETING. 
November 7, 1890. 
Called to order at 8:30 p. m. by President John Richards. 


The minutes of the last regular meeting were read and ap- 
proved. 


The following gentlemen were elected to membership in the 
Society: 


Members—-Ralph H. Moore, Edgar H. Booth, Carl A. Stete- 
feldt, S. B. Connor and M. B. Dodge. 


The following names were proposed: 


For Members—John Norbom, Mechanical Engineer, proposed 
by A. Schierholz, H. C. Behr and Otto von Geldern; Constant 
Meese, Mechanical Engineer, proposed by H. C. Behr, James 
Spiers and George F. Schild; Joseph J. Perkins, Mechanical 
Engineer, proposed by H. C. Behr, B. McIntire and Charles 
J. Koefoed; Frederick Gottfried, Mechanical Engineer, pro- 
posed by John Richards, H. C. Behr and Geo. F. Schild; J. 
B. Pitchford, Mechanical Engineer, proposed by H. C. Behr, 
John Richards and Geo. F. Schild; Henry Charles Tabrett, 
Mechanical and Marine Engineer, proposed by A. Schierholz, 
H. C. Behr and Otto von Geldern; William Leichter, Mechan- 
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ical Engineer, proposed by A. E. Chodzko, H. C. Behr and Otto 
von Geldern. 


For Associate—A. P. Brayton, proposed by H. C. Behr, H. 
T. Power and George F. Schild. 


Mr. F. Gutzkow referred to his hydraulic brake for house 
elevators, and gave a very interesting description of experiments 
made by him with cement-mixtures, variously applicable in 
technical works. it led to a general discussion, 


Mr. Hubert Vischer then introduced a Thomas’ Calculating 
Machine, kindly placed at his disposal for the benefit of the 
Society by Mr. Thomas Price, and elucidated the principles 
upon which it can be made to solve numerous simple as well 
as intricate problems, Mr. Owens manipulating the machine, 
while Mr. Visher explained the mechanism. 


This proved of considerable interest to the Society, and after 
conclusion a vote of thanks was passed for Mr. Owens for bring- 
ing the machine. 


The contemplated excursion to the Mare Island Navy Yard 
was referred to, the President stating that the authorities in 
command had kindly given permission to visit the yard, request- 
ing that they be notified before hand of the day of the visit. 


Upon motion of Mr. Keith to appoint a Committee to make 
the necessary arrangements for such purpose, Messrs. Schild 
and Browne were chosen. 


Mr. Vischer spoke of the Folsom Damas an interesting object 
and well worth a visit, stating that arrangements might be made 
to that end. 


The Committee on drawing suitable resolutions commemo- 
rative of the death of Mr. Adler was granted further time. 
Adjourned. 
Orto von GELDFRN, 
Secretary. 
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REGULAR MEETING. 
December 5, 1890. 
Called to order at 8:30 ep. mu. by President John Richards. 


The minutes of the last regular meeting were read and ap- 
proved. 


The following gentlemen were elected to membership in the 
Society. 


Members—John Norbom, Constant Meese, Jos. J. Perkins, 
Frederick Gottfried, J. B. Pitchford, Henry Charles Tabrett, 
William Leichter. 


Associate—A P. Brayton. 


The name of Alex. J. McCone as an Associate Member was 
proposed by H. C. Behr, C. A. Stetefeldt and Hubert Vischer. 


A communication was read from the American Society of 
Mechanical Engineers in reference to an exchange of publica- 
tions, and the donation of six volumes of past transactions was 
announced. 


The Secretary was instructed to acknowledge this very accept- 
able addition to the Society’s library in proper form. 


The death of Geo. C. Knox of Los Angeles, a member, was 
communicated to the Society, the President requesting that a 
suitable letter be written to the widow. 


Mr. Adolph Lietz read a paper entitled: ‘‘ How to Tell a 
Good Surveying Instrument,’ which was discussed at some 
length. 


Mr. Luther Wagoner explained to the Society a graphical 
method employed by him, to determine the eccentricity of an 
instrument and to develop a table of corrections to be applied 
to vernier readings. 


Mr. A. T. Herrmann, of San José, addressed the Society on 
the subject of ‘‘ County Land Surveying,” calling attention to 
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the very unmethodical and unsatisfactory manner in which such 
surveys are generally made and recorded, and proposed the 
enactment of a law by the State Legislature, which shall regu- 
late this important work. He suggested the appointment of 
sworn and licensed surveyors, who shall give bonds and perform 
their work in accordance with the requirements of such an Act. 
Mr. Herrmann contemplates to bring this matter before the 
Legislature of the State and asks the Technical Society for its 
aid and support. 


Mr. Wagoner moved that a Committee be appointed to con- 
fer with Mr. Herrmann in the matter of preparing a bill for the 
State Legislature, to report at the next regular meeting. Car- 
ried. 


The President appointed Messrs. Luther Wagoner and Otto 
von Geldern. Mr. C. E. Grunsky was subsequently added to 
this committee. 


Mr. N. 58S. Keith invited the Society to visit the factory of the 
Electrical Engineering Company, No. 21 Spear street, where 
dynamos and electrical motors for the transmission and distribu- 
tion of power are a specialty. 


The election of a Nominating Committee for the ensuing year 
was in order, and after a ballot the President declared the fol- 
lowing gentlemen elected: H.C. Behr, A. @Erlach, A. Lietz, 
J. C. Gilfillan and B. McIntire. 


Mr. Geo. F. Schild, of the Committee on Excursion to the 
Mare Island Navy Yard, reported the late machinery not all in 
place, and suggested waiting until the foundation of the new 
construction shop is finished. 

Adjourned. 

Ovrro von GELDERN, 
Secretary. 
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REGULAR MEETING. 
January 2, 1891. 
Called to order at 8:30 by President John Richards. 


The minutes of the last regular meeting were read and ap- 
proved. 


Mr. Alex. J. McCone, of Virginia, Nevada, was elected an 
Associate Member, and the following names were proposed: 


For Members—John L. Heald, Mechanical Engineer, proposed 
by John Richards, Herman Kower and H. C. Behr; Edward N. 
Robinson, Civil Engineer, proposed by Aug. J. Bowie, Jr., L. 
L. Robinson and G. F. Allardt; Edward Hooper, Mining En- 
gineer, proposed by Luther Wagoner, John Richards and Hubert 
Vischer; Joseph C. Sala, Mathemathical Instrument Maker, 
proposed by Luther Wagoner, Hubert Vischer and G. W. Percy. 


The donation of a large map of Santa Clara County by Herr- 
mann Brothers was announced. 


Mr. A. T. Herrmann, of San Jose, submitted a draft of a 
proposed act to regulate land surveying, which had been drawn 
up by the Committee appointed at the last regular meeting. 


Professor Soulé moved that the bill be printed and sent to 
each member for suggestions, continuing the Committee mean- 
while. 


Mr. Herrmann stated than an immediate action was neces- 
sary; that if continued until the February meeting, it would be 
too late for legislation. 


Mr. Vischer suggested leaving it for the annual meeting on 
the 23d of January. 


Mr. Wagoner amended the motion to the effect that a special 
meeting be called one week from to-night, that the members be 
so informed and that a copy of the proposed act be sent to each 
for his recommendation or suggestions, to be returned to the 
Secretary by that time. Motion carried as amended. 


The Nominating Committee, consisting of Messrs. Behr, d’ Er- 
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lach, Gilfillan, McIntire and Lietz, submitted the following 
names recommended for the offices for the eusuing year: 


For President—John Richards. 

For Vice President—Luther Wagoner, 

For Treasurer—Geo. F. Schild. 

For Secretary—Otto von Geldern. 

For Directors—Hermann Kower, Ross E. Browne, C. E. Grun- 
sky, James W. Reid, Alpheus Bull. 


Mr. R. B. Elder, of the Pacific Electrical Storage Company, 
then addressed the Society on the subject of ‘‘ Electrical Accu- 
mulators and their Application,” illustrating the discourse by 
sketches and a uumber of apparatuses. 


A vote of thanks for Mr. Elder was passed. 


An invitation was extended to the members and guests to 
attend an exhibit of the electrical lighting plant at Swain’s 
Bakery after adjournment. 

Meeting adjourned. 

Orto von GELDERN, 
Secretary. 


SPECIAL MEETING. 
January 9th, 1891. 


Called to order by Mr. Luther Wagoner, Acting Chairman, at 
8:30 P. M. 


The meeting was called for the purpose of considering the 
proposed Act to regulate land surveying, framed by Mr. A. T. 
Herrmann. 


The Secretary read copies of the printed Act as they had been 
returned by individual members with recommendations, sug- 
gestions and proposed changes. All were in favor of the bill, 
but the majority wanted it modified. 


_ Mr. Allardt read some radical changes that he thought desi- 
rable and necessary. 
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Mr. C. E.Grunsky said that it was not entirely clear what was 
wanted. Said that the Society should come to an agreement this 
evening, and then let the committee construct an Act on the 
agreement. 


Mr. Herrmann stated that he had been informed upon good 
legal authority, that a judge could not pass upon the qualifica- 
tions of a surveyor and grant a license. Ina county the Board 
of Supervisors would be the highest authority, and that either 
this body should have the power, or that a Board should be 
created for the purpose. 


Considerable change was also suggested in reference to the 
section regarding trespassing, which Mr. Herrmann read. 


Mr. Grunsky said the first thing to decide is: who is to give 
the license—the Board of Supervisors, or a special Board cre- 
ated for this duty ? 


Three members of the Technical Society were suggested to 
constitute a Board of Examiners. 


After considering many of the details of the bill, Mr. Allardt 
moved that it be referred back to the committee for reconstruc- 
tion upon all suggestions considered this evening; that this com- 
mittee have power to act and prepare a final bill for legislation: 
Carried. Mr. C. E. Grunsky was added to the committee. 

Adjourned. 

Orro von GELDERN, 
Secretary. 


Nors.—A meeting of the committee took place on January 
10th and 11th, at the office of Mr. C. E. Grunsky, where the Act 
was entirely rewritten. 

















BAAN LS 











E 


‘Y 
GF yj 
iN \ / 





4 & 6 
Abn pain pal 
ey Ly 


PhD. EAPERIMENTAL 


SS NZ. VISES SSSI. ISNZ WSC“ 
SS 


V 


B 


5 | Se SSE SZ “aZ 


CONCENTRATION PLANT. 











Trane 


TECHNIGAL SOCIETY OF THE PACIFIC COAST. 
SAN FRANCISCO, CALIFORNIA. 


INSTITUTED APRIL, 1884: 


TRANSACTIONS. 





Nore —This Society is not responsible, as a body, for the statements and opinions 


advanced in any of its publications. 





(VotumeE VIII. No.1.) 


STREET PAVING IN SAN FRANCISCO. 
The Defects, and Methods Suggested for their Remedy. 


By §. Harrison SmitH, Mem. TrEcu. Soc. P. C. 


[Read April 10, 1891.] 
INTRODUCTION. 


Perhaps there is at this time no subject (with the 
exception of sewerage) which calls for more interest and 
attention from our public generally than that of street 
paving. For many years back we have been struggling 
with this problem, under what seems to me to be very 
unfavorable conditions, and experiment after experi- 
ment has been tried with but doubtful success. In fact, 
in nearly every case such experiments have proved ab- 
solute and expensive failures. But the time appears to 
have arrived when the municipal authorities have con- 
cluded to alter these conditions, and careful investiga- 
tions have been instituted by them in order to obtain 
the opinion of experts and men of science upon this 
complex question, so that hereafter such pavements as 
may be laid shall be of the most lasting material and of 
the best construction. 
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It is not intended by the author of this paper to em- 
body therein any scientific or theoretical questions, but 
to draw out a discussion on purely practical grounds. 

In order to consider this subject in the manner pro- 
posed by me, it is only necessary to give a short de- 
scription of what has been done, of what is being done 
and of what it is proposed to do in this connection, and 
to make such suggestions as may seem proper. 


EXPERIMENTS TRIED IN SAN FRANCISCO DURING THE PAST 
DECADE. 


In 1870 there was a special committee of the Board of 
Supervisors appointed to examine street pavements, and 
recommend some class of the same for general adoption. 
The report of this committee has been read by me with 
much interest, and extracts therefrom may be quoted 
from time to time in this paper. The following named 
pavements are known to have been tried in San Fran- 
cisco: Nicholson wood, Stow foundation, ordinary plank, 
Wilhams’ composite, cobble, basalt block, composite 
limestone and asphaltum, and bituminous rock. There 
are many other classes of pavements whose merits have 
been advocated by their respective inventors or other 
parties in interest; but one of the objects of this paper 
being brevity, it has been deemed unnecessary to take 
notice of any classes of pavements other than those 
which have been actually experimented with in San 
Francisco. 


NICHOLSON PAVEMENT. 


The method of laying this pavement is as follows (the 
ground upon which it is to be laid having been brought 
to an even surface of the proper shape): The’ floor, 
which consists of pine planks of uniform thickness— 
generally two inches—is laid lengthwise of the street, 


Smith on Street Pavements. 3 


covering the entire ground. These planks are covered 
with tar by means of a broom; they are then turned and 
tarred on the other side. Then blocks of thesame wood 
six inches long, three inches thick, and eight or ten 
inches in whidth, are set lengthwise across the street in 
rows, each block being well coated with tar before being 
placed. As each row of blocks is laid, a pine strip six 
or eight feet long, three inches wide and three-quarters 
of an inch thick is placed against and nailed to the 
blocks; then another row of blocks is laid, and so on. 
This leaves a groove between each row of blocks which 
is filled with a mixture of heated asphaltum or tar and 
clean grayel, which while hot is rammed with an iron 
of suitable thickness to fill the groove. The whole sur- 
face is then covered with coal tar, over which is spread 
a coating of coarse sand or fine gravel. 

The special committee appointed by the Board of 
Supervisors when speaking of this pavement in its re- 
port, says: ‘‘ The Nicolson has proved a failure, prin- 
cipally from the rapid dry rotting of the fir blocks used.” 
‘‘On Bush street, between Powell and Mason, the Nicol- 
son was laid in 1867, and long since it became evident 
that it must prove an unsatisfactory and expensive paye- 
ment. It has been several times repaired, and now,” 
(in 1870), ‘‘ requires a liberal outlay of the people’s 
money,with the prospect of abandonment ere long.” They 
also found that this pavement swelled during the rainy 
season to such an extent, as to cause great damage to 
surrounding improvements. They allowed four years 
as the limit of its life. 


STOW FOUNDATION PAVEMENT. 


This pavement when laid is, in appearance, almost 
identical with the Nicolson, but in fact differs consider- 
ably therefrom. The main differences consist in this 
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pavement having no foundation beyond the preparation 
of the earth into a regular and smooth surface; the 
blocks being laid directly thereon with the fibers of the 
wood vertical, and that between each row of blocks, 
wedges made of boards, about six inches in length and 
nearly the width of the blocks, are driven some inches 
below them (the blocks). The remainder of the con- 
struction 1s similar to that of the Nicolson; the space 
between the blocks being filled with gravel and asphal- 
tum or tar, and the whole surface covered in the same 
manner as the previously described pavement. 

The committee, before referred to, preferred this 
pavement to the Nicolson, but only estimated its life at 
from five to six years. The following, taken from 
its report, may be of interest: ‘‘ The Stow on Battery, 
between Vallejo and Green streets, was iaid in January, 
1869, and has been subjected to the excessively heavy 
transportation incident to Battery street and the North 
Point Docks and Warehouses. Your committee has 
closely watched for evidences of weakness in this pave- 
ment at this point, and has failed to discover any under 
the heaviest loaded trucks.”” Butin spite of this account 
the pavement has passed into disuse, and we can only 
judge that a more extended experience showed similar - 
or as great defects as were found in the Nicolson. 


ORDINARY PLANK PAVEMENT. 


It is hardly necessary to give a detailed description of 
this class of pavement, as it is familiar to all, having 
been but recently in general use in our city and in 
many localities still appearing. It consists of a frame- 
work of scantling, upon which redwood planks are nailed. 
There is little or no pretense at any previous prepara- 
tion of the surface, or any exact method of construction. 
The troubles with this pavement are too well known, 
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and its abandonment of too recent date to need further 
remarks. 
WILLIAMS COMPOSITE PAVEMENT. 


This pavement is one with a foundation of concrete 
(Williams called it stone) and a wearing surface of wood, 
combined by a mixture of asphaltum, and covered by a 
coating of the same mixed with sand. It was claimed 
by the inventor that wood pavements perished more from 
the decay at base than from the wear on the surface, and 
that as the reverse was the case with stone pavements, 
he had succeded in solving this great problem. This 
pavement was only tried in one ortwo localities, notably 
New Montgomery street, in front of the Palace Hotel, 
and on McAllister street. The failure can only be sup- 
posed from the abandonment. 


COMPOSITE LIMESTONE AND ASPHALT PAVEMENT. 


This isa patent pavement just being brought before 
the notice of the public. It consists of blocks (or 
bricks) compressed by machinery, composed of an ad- 
mixture of limestone and Trinidad asphalt; these blocks 
are laid in rows upon the ground prepared for them; 
they are then compressed, bringing them to aneven and 
compact surface. A specimen of this pavement can be 
seen on O’Farrell, at its intersection with Grant Ave. 
and Market street, which seems to have stood its few 
years’ use tolerably well. It is claimed by the inventors 
of this pavement, that it can be laid as cheaply as the 
ordinary bituminous rock. 
uals remaining pavements are those that are at pres- 
ent being used throughout the city, viz: Cobble, basalt 
block and bituminous rock. Description of the methods 
of laying these is unnecessary at the present stage of 
this paper, as the reference (which is proposed) to the 
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specifications in use by the city, will clearly bring out 
all points connected therewith. 


PAVING SPECIFICATIONS, ETC. 


Up to January, 1890, the cobble was about the only 
class of pavement having any permanent specifications 
or regulations governing its construction. These regu- 
lations simply provided that the stones should be se- 
lected, that they should not exceed nine inches, or be 
less that seven inches in length; that they should be set 
upright, smaller end down, close together in a bed of 
good, clean sand, not less than twelve inches deep; that 
they should be well rammed three times, well watered 
before the last ramming; then after being swept, the 
surface should be covered two inches deep with beach 
gravel or finely broken rock. For the other classes of 
pavement specifications were made as required. 

In June, 1890, the then Board of Supervisors passed 
an order adopting specifications for all classes of street 
work, excepting sewers. In these specifications are in- 
cluded among other classes of work, macadamizing, cob- 
ble, basalt blocks and bituminous rock pavements. 

The first mentioned (macadamizing) it is not thought 
advisable to notice, as it has never been considered by 
the author as a pavement. The specifications for cob- 
ble are identical with those previously mentioned, thus 
leaving only the basalt block and bituminous rock spec- 
ifications to be noticed. 7 


BASALT BLOCK PAVEMENT. 


The specifications for this class of work adopted in 
January, 1890, provide that the roadway shall be ex- 
eavated fourteen inches below the grade. A bed of con- 
crete is then to be laid six inches in depth, and in the 
proportions of 1, 2 and 7 of Portland cement, sand and 
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broken stone. Upon this foundation, and bedded in sand, 
the basalt blocks are set; the regulation size being, depth 
from seven to eight inches, thickness from three 
and three-quarters to four and one-half inches, length 
not less than eight inches. A light coat of beach 
gravel or finely broken rock is then to be spread over 
the entire surface, and lightly rammed; the work is then 
to be inspected by the superintendent, after which more 
gravel or finely broken rock is spread over the surface 
and broomed in, after which it is to be thoroughly ram- 
med, and gravel or finely broken rock spread an inch 
deep over the entire area. 


BITUMINOUS ROCK PAVEMENT. 


The specifications adopted in 1890 for this class of 
pavement provide that the roadway shall be excavated 
eight inches below grade. Then a concrete foundation of 
six inches in depth shall be laid, said concrete to be com- 
posed of 1, 2 and 7 parts respectively of Portland cement, 
clean sand and hard rock. On this foundation shall be 
laid a covering of bituminous rock two inches in depth. 
They also provide that this rock shall contain 14 per 
cent. of bituminous matter. The preparation of this 
material shall be by means of hot air, hot water or other 
process, but it shall not be reduced by any process hable 
to burn it. 

In February, 1891, the present Board of Supervisors 
amended these in so much as to leave out the concrete 
foundation under the blocks. The dimensions of the 
blocks were slightly changed to the following width: not 
less than three and three-quarters or more than four and 
one-half inches, depth not less than seven or more than 
seven and one-half inches. The remainder of the speci- 
cations were left the same as formerly. 
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This order embodying these specifications was not 
signed by the Mayor, but after several consultations held 
in his office between interested. parties and experts, he 
returned the order, suggesting numerous changes to be 
made in the specifications for bituminous rock. 

The principal suggestions were an increase of one 
inch in depth of original excavation; 

The removal of all decomposed matter and debris; 

The testing of the cement; 

The restrictions placed upon the quality of stone to 
be used; 

The moistening of the surface of the concrete founda- 
tion for seven days; 

The increasing of the bituminous rock covering to 
three inches. | 

I have hastily reviewed about all the important steps 
that have been taken in the matter of street paving up 
to the present time, and it now only remains for me to 
make the suggestions that seem proper and to draw the 
conclusions to which the known facts seem to point. 


CONCLUSION AND SUGGESTIONS. 


As said before in this paper, we in San Francisco 
have had many expensive and futile experiments in 
street paving, and it would seem about time that some 
plan should be adopted for such work by the proper au- 
thorities that will insure an economic and durable road- 
way. Thereisno doubt but that what would be advisable 
for one section of our city, would be entirely unfit for 
others; therefore we have to consider more than one 
class of pavement. But before any pavement can suc- 
ceed, it would appear to the author that a proper cross- 
section should be adopted for the streets which would be 
based upon the following rules: The crown of the center 
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of the roadway should in no case be much, if any, 
higher than the curb of the sidewalk and sloping on 
either side of this center line toward said sidewalk with 
a curving and ever increasing slope, and regular formed 
gutter-ways should be planned, sufficient in area to carry 
off all waters lable to fall on the surface. In consider- 
ing a roadway, it must strike the most casual observer 
that there are two qualities (apparently opposed to each 
other) requisite for the formation of a good pavement; 
these are solidity or rigidity, for resistance to heavy 
loads and constant traffic, and elasticity, for the preser- 
vation of vehicles and stock. 

Until these qualities are combined in their proper 
proportions no perfect pavement can be obtained. Allow- 
ing this as an axiom it may then be assumed that where 
the wearing surface is rigid, the foundation or bed 
should be more or less elastic and, conversely, that where 
the wearing surface is elastic the foundation or bed 
should be rigid in proportion. 

In determining the sections of our city in which either 
a rigid or elastic wearing surface should govern, it is 
necessary to consider the amount, weight and rapidity 
of the traffic prevalent in such sections. 

In those portions of our city having a great amount 
of heavy and slow traffic, such as trucking and general 
business hauling, the rigid wearing surface 1s necessary. 
In our residential districts, where there is little except 
pleasure driving, the smooth and elastic surface would 
seem to be the best. But here again comes in another 
feature, namely, the amount of grade allowable on such 
smooth surface. It appears to me that six or eight per 
cent. grades would be the greatest advisable in this cli- 
mate for such surfaces as bituminous rock or asphaltum; 
although Eastern experts fix the maximum at consider- 
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ably less. Asa great portion of our residence districts 
have grades greatly in excess of the above, it would seem 
that some special class of pavement should be adopted for 
such cases. This would, however, open up an almost 
endless field of discussion. I will therefore (in the pres- 
ent paper) simply confine myself to a consideration of 
the two classes mentioned above. 

Of the classes of pavements having rigid wearing sur- 
faces the most prominent are granite and basalt blocks. 
The former of these is greatly preferred by the author, 
as In wearlug it is not likely to assume a smooth and 
slippery surface. But the proper rock of this kind is so 
scarce in this neighborhood that the expense of laying 
such a pavement would be very great. We can, how- 
ever, consider these two wearing surfaces as identical 
with regard to their construction, so, for convenience 
they will both be considered as basalt, this being the one 
used with us on account of the expense incurred. 

Taking, therefore, basalt blocks as our wearing sur- 
face, the author wishes to submit to the Society his 
suggestions as to the size of blocks and the proper 
methods of laying the same. 

The size of blocks should be as near as practicable: 
length, seven inches; width, four inches, and depth six 
inches. They should have rectangular faces, and should 
be well dressed on all sides; a variation or projection of 
half an inch is the greatest that should be allowed. 

In considering a foundation for this pavement, we 
have three classes of ground upon which to build, viz: 
that which has been filled in and is, therefore, lable to 
settlement; sand, which is shifting and unstable; earth 
or clay and rock. 

Upon the filled-in ground I would suggest two meth- 
ods: first, to excavate the ground to a depth of eighteen 
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inches, such surface to be brought by rolling or tamping 
to a curved plane parallel with the proposed finished 
face; over and in contact with this to be laid a bed of 
concrete eight inches in thickness, whose tamped and 
completed surface shall also be parallel to the finished 
surface of the proposed pavement. Upon this bed of 
concrete, after it is well.set, shall be spread four inches 
of fine sand, on which the blocks shall be laid at right 
angles to the street, in courses, each course to break lon- 
gitudinal joints with the one preceding; fine gravel or 
coarse sand will then be swept over the surface into the 
joints, the blocks to be driven to the proper finished 
contour; after this has been thoroughly done, coal tar 
shall be poured into all the joints, then a thin layer of 
gravel should be spread over the entire surface. 

The second method spoken of is the substitution of 
planking for the bed of concrete; in other respects the 
process and material would be practically the same. In 
places where the foundation is sand, I would excavate 
to the depth of twenty inches, roll the bed thoroughly, 
fill in (in place of concrete) with good clayey earth 
toa depth of twelve inches, more or less, as required to 
make a surface, which, after being thoroughly watered, 
rolled and rammed, shall be ten inches below the pro- 
posed surface of the roadway; the remainder of the 
work to be finished as described above. 

Where we encounter rock upon, or too near the sur- 
face, the roadway should be excavated to adepth of some 
twelve inches, all inequalities carefully filled in with 
concrete; then the surface shall be filled in with a bed 
of good sized gravel, said bed to be three inches deep 
when rolled; over this spread a bed of sand, also three 
inches deep when rolled, the setting of the blocks and 
the remaining processes to be as before. 
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Of the classes of pavements having what we have 
termed elastic wearing surfaces, those most in use in the 
Eastern States are a composition of asphalt with sand 
and lime (the Trinidad and Cuban asphalts being the 
ones generally preferred). In Paris they use an asphalt 
which in its natural state contains a large percentage of 
lime. In California we use what is known as bitumi- 
nous rock; this is a natural product, and is mostly com- 
posed of sand and volatile oils. It has, however, a small 
percentage of bituminous matter in its composition. 
This last mentioned material, owing to its plastic quali- 
ties, makes by no means so durable or satisfactory a 
pavement as the preceding ones. But however these 
substances may differ in their component parts, the 
necessary foundations and the methods of laying them 
are the same, with the exception that where laid in 
sheets, Trinidad or Cuban asphalt should be from two to 
three inches in depth; where, as in the case of bitumi- 
nous rock, nowhere should its depth exceed two inches. 
The reason for this is due to the plastic qualities of this 
material; for where exposed to the softening influence of 
the sun, the greater the depth of any plastic body, the 
more sensitive it is to unequal compression upon its sur- 
face. Asphalt pavements are laid in two forms, sheet- 
ing and blocks. ‘These we will consider separately. 

Asphalt sheeting should be laid between two or three 
inches in thickness for Trinidad or Cuban asphalt, and 
from one and one-half to two inches for bituminous 
rock, with a base of cement concrete six inches in depth. 
Previous to the laying of the concrete-bed, the roadway 
should be properly prepared as described in the sugges- 
tions for other kinds of pavement. 

The concrete should then be put in and compressed 
to a surface exactly parallel to the proposed finished sur- 
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face of the street, and should be ‘properly covered and 
protected until set. 

Upon this should be spread a thin layer of pure as- 
phalt, and then the wearing surface proper, which should 
be thoroughly compressed, after which a small quantity 
of cement should be swept over it, and the surface well 
rolled. 

The gutter-ways should be formed of selected stone 
blocks laid as headers, which shall form a broken line 
toothing into the asphalt; the joints of such blocks to 
be filled with cement or coal tar. Where the street is 
traversed by a car track, a strip of stone blocks: should 
be laid next to said track, after the same manner as 
those forming the gutter-way. 

In the classes of asphalt blocks generally used I have 
little confidence, as they are mostly covered by patents; 
and so much depends upon the care with which they 
are manufactured. It has been held in some of the 
Eastern cities where these blocks have been used, that 
their failure is attributable to experiments in different 
qualities of asphalt, even when the chemical analysis of 
these asphalts were almost identical with the best known 
material. It would seem to the author, however, that 
there must have been some fault in the method of manu- 
facture. 

I understand thatit is proposed in this city to lay block 
asphalt without a foundation. This I think exceed- 
ingly ill advised, for if it has any qualities not belong- 
ing to other pavements which would render a founda- 
tion unnecessary, I fail to see them. 

In conclusion, I will state that I have now hurriedly 
reviewed this subject of street paving, not to its fullest 
capacity by any means, but to such an extent, I hope, 
as will bring out such a discussion as the Society may 
think proper. 
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I have attempted to show the futility of experimenting 
with patent pavements. Also to narrow down the ad- 
visable classes of pavement for use in this city to two, 
viz: the granite block for the portions of the city subject 
to heavy traffic, and the asphalt for those subject to the 
lighter classes of vehicle. It, therefore, remains only 
to ask of the Society such comment as its individual 
members may see fit to make. 
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Mr. Gutzkow—Mr. President. Regarding bituminous 
rock, there seems to be an impression that one pave- 
ment is as good as another, and the question is never 
asked from what locality in California it comes. Else- 
where it is very different. In Paris bituminous rock 
from a certain mine or a certain district is stamped so 
that it may be known in what exact locality it is gotten, 
and none other is accepted as a rule. Here, if it only 
looks black, it is thought to be all the same material. 

There is a great deal of difference in bituminous rock. 
The bituminous rock of California is entirely unfit for 
pavement. It is much too soft. We have made ever so 
many experiments, and in no way have they been satis- 
factory. Aftera little while the pavements show the 
horses’ hoofs and wagon. impressions. I think a few 
tests on a simple scale would be advisable, and would save 
a great deal of expense which is incurred when tried 
on a large scale. In the reports of the State Mining 
Bureau some statements have been made regarding this 
rock, but they do not give us any idea of how much 
carbonaceous matter or fixed carbon it contains, or any- 
thing of that character. The mixture is sand, some- 
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times eighty and ninety, and sometimes seventy per 
cent. 

The great point is to find out at what temperature this 
asphaltum becomes soft. Some alphaltum can stand a 
great deal more heat before it softens than others, and 
some is very easily softened. For instance, if you press 
some asphaltum and have a certain weight on it, and 
expose it to a certain temperature, it will be found to be 
very soft. Material of such a nature is entirely unfit 
for street use. The asphaltum in France is not of such 
a character. It is limestone impregnated with asphal- 
tum, while what we have is pure asphaltum or a mix- 
ture of sand, sometimes coarse and sometimes fine. 

My observations for twenty-five years or more in Cal- 
ifornia tend to show that the sidewalks are not much 
better now than they were then. The only sidewalks 
that stand are those which have an abundance of car- 
bon and stone—something that will give sufficient hard- 
ness. 


A question. Mr. President, I would like to ask what 
experiments have been made in regard to the saturation 
of bricks with asphaltum—has it been done? 

Answer. It has been referred to in the paper just 
read and it was favorably commented upon. 

Q. Have they ever been used here or elsewhere? 

A. Here, in different parts of the city, I have seen it. 
For instance, at the corner of Taylor and Geary streets 
they have it, I think. It stood very well for a little 
while; then the asphaltum came off from the top, and 
nothing but bricks remained. 

Q. You do not know how the bricks were prepared? 


Mr. Gutzkow—They put them in something called 
asphaltum, but it is nothing but tar. They dip them 
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in, and the bricks may take a little. If the bricks are 
porous, they may take up a good deal of asphaltum, but 
if they are hard, and consequently good for pavement, 
they will not take up much, and you might as well not 
have any. 


Mr. Herrmann—I do not agree with the opinion of 
the last speaker. } 

I have observed the bitumen or petroleum, as it 1s gen- 
erally called, in Santa Cruz and San Jose, and I think it 
is the best street surfacing that is found in the world. 
The fact referred to by Mr. Gutzkow, that the horses’ 
hoofs will indent it, is a sign of its goodness, for every 
impression so made will soon disappear again, and shows 
that petroleum wears like rubber. | 

The petroleum generally used in San Francisco, San 
Jose and Santa Cruz is sandstone thoroughly impreg- 
nated with crude oil. It is found in large deposits in 
Santa Cruz county and in the vicinity of formations 
carrying oiland gas. From what I can learn, it con- 
tains more or less paraffine and the greater or less 
amount of the latter seems to determine the wearing 
qualities of the petroleum. 

In Santa Cruz its use was commenced some ten years 
ago. I havethere seen a layer of petroleum not more than 
an inch thick on a foundation of broken lime rock, well 
rammed down, used for three or four years between the 
track of the horse railway, and neither wear out nor ne- 
cessitate many repairs. The lime rock, so used for years 
as a foundation for petroleum covering, when taken up 
shows plainly how far the oil of the petroleum has pen- 
etrated. Generally this penetration is from three-eighths 
to one-half of an inch into the rock, thereby combining 
the two materials so closely that you can hardly separate 
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them. This penetration does not seem to take place 
with trap rock as a foundation. ) 

In San Jose trap rock was chosen for a foundation by 
the authorities. Lime rock could not well be had for 
anything like reasonable cost, and the shale used in 
Santa Clara county for road covering, and generally 
known as Alum Cafion rock, was condemned by the au- 
thorities without trial. 

That was the first serious mistake made, for the trap 
rock will never compress or cement together until the 
traffic has worn enough material off the edges of the rock 
to form a cementing material—whilst the Alum Cafion 
rock readily cements under pressure, and compacts more 
thoroughly under a roller than trap rock under the same 
pressure and six months additional use by traffic there- 
after. 

The trap rock foundation was made in the same man- 
ner as macadam. The trench, dug out to a proper 
depth, was hand-packed with large pieces of trap rock of 
irregular shape and from six to ten inches in diameter. 
Layers of smaller and still smaller rock followed, all 
carefully packed by hand, sufficient to give, after a thor- 
ough wet rolling with a 15-ton roller, a bed ten inches 
thick. Then the petroleum was spread one inch thick 
in the usual manner, evened with the rake and smoothed 
with the hot roller. 

But the streets so made were failures. The trap foun- 
dation, apparently made with all possible care, did not 
have solidity enough and soon gave out in numerous 
places. It seems that the interstices were not com- 
pletely filled by rolling, and the heavy traffic soon de- 
veloped indentations or sinks in great numbers, and 
wherever these appeared the petroleum would crumble 


and wear away. Besides, the crown of these streets was 
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not made high enough to allow of proper drainage of 
rain water, consequently the latter would stand in pools 
in every indentation, softening and permeating the pe- 
troleum to such an-extent that it would be crushed under 
heavy traffic. 

The lesson was a dear one, but has been duly appre- 
ciated and we are now building streets in San Jose with 
a concrete foundation six inches thick. The covering 
of the petroleum is increased from one inch to two 
inches, and none is laid in the gutters, where the horse 
urine seems to destroy its vitality. The gutters are now 
made of basalt or trap blocks, set on a sand bed and 
grouted with strong cement. The two-inch covering of 
petroleum appears to be very strong and durable and 
lying onarigid foundation that under no circumstances 
can give way, it seems to be Just the thing for the lightest 
as well as for the heaviest traffic. 

I can hardly conceive of any better and more gen- 
erally useful pavement, and without hesitation pronounce 
it the coming street construction for our State. 


Prof. Soulé—I would like to state from memory some- 
thing about bituminous pavement laid in Oakland by T. 
L. Barker, in front of the Wilcox Block. In August, 
1886, he got permission from the city authorities to put 
down this bituminous rock, using the old macadam as a 
foundation. That was about six inches thick. He 
smoothed it off, and put the bituminous material on top 
of it. If I remember rightly, 11 was the Santa Cruz 
rock. This was the first time it was introduced in Oak- 
land. The thickness. of the covering was two inches 
before, and one and one-half after rolling. This was 
laid on one side of the street, from the car-track to the 
curbstone. The other side of the street did not enter 
into this improvement at that time. That bituminous 
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rock pavement has been there I think five years. It has 
never been repaired, and is as good as new. It is on 
Broadway, between Eighth and Ninth streets, and is 
subject to the heaviest traffic and travel. Even in the 
gutters where the horses stand a good deal, there is very 
little injury to the bituminous pavement. I think that 
is a remarkable case. It may have been that being the 
first rock put down, they used greater care with it, so 
that the quality was of the very best. I don’t know about 
that, but it certainly has worn exceedingly well. 

There was no more bituminous rock put down in Oak- 
land until two or three years ago. Then a very fine 
piece of work was done on Ninth street, between Broad- 
way and Washington. ‘This is a section that is traveled 
a great deal, but not so much with trucks and heavy 
teams as some other portions. I believe that work was 
done by the Santa Cruz or the Perine Company. They 
used extraordinary care. I think it has an eight-inch 
foundation of macadam, with a twoand half inch cover- 
ing of bitumen rock. The gutters are made of basalt 
blocks. That pavement has been down between one and 
two years; on very warm days it is as Mr. Gutzkow says, in 
crossing it, one leaves the impression of his foot. The im- 
pressions from the corks of the horses’ shoes can be 
seen, aS also ruts made by wagons, even those of hight 
carriages; but the next day, if it is cooler, they will all 
have disappeared, and the pavement will be as smooth 
as when first made. So, as Mr. Herrmann says, in that 
case at least, 1t seems to possess the characteristics of 
ordinary indiarubber. On the other hand, on Franklin 
street, where the bituminous rock was laid on macadam, 
it wouldseem that there these materials were not laid with 
so much care, and not quite as thick. The surface is 
not even, and in many places where there is a little de- 
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pression, the heavy trucks have broken it open, and it 
has a tendency to heap up in little hummocks in some 
places and to be depressed in others. That leads me to 
the conclusion that possibly the work was not very well 
done to begin with, and that sufficient attention was not 
paid to the foundation. I think it was not evened up 
enough, nor made solid enough. We have here one 
instance, the Franklin street work, not wearing very 
well, and on the other hand the Wilcox Block, which has 
proved exceedingly good. In a letter written by Mr. 
Barker on this subject, he says: ‘‘ I believe in it as the 
very best, 1r the work is well done, otherwise it will of 
course be a failure.” 


Mr. Raymond—lIt makes a yast difference how this 
pavement is laid, and also, as Mr. Gutzkow has said, 
where the material comes from. The materials from the 
different localities vary greatly in their composition, 
and require very different treatment before they are 
suitable for use as pavements. No one of the California 
material is, in my judgment, suitable for pavements if 
‘laid in its natural state, and each producing company 
should determine for itself the proper treatment for its 
material. I made a survey of the Ventura Company’s 
mine last summer, and was very favorably impressed 
with the quality of that rock. It seems very different 
from the Santa Cruz material. 


@.—Is it asphaltum or petroleum? 

A.—I don’t know that there is any difference between 
California asphaltum and petroleum. The California 
petroleum seems to have an asphaltum base. How is 
that, Mr. Gutzkow? 


Mr. Gutzkow—I cannot say as to that. 


Mr. Raymond—I am told by those working it, that 
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the California petroleum seems to have an asphaltum 
base rather than a paraffine base. The Ventura rock is 
an unusually hard material as originally mined, and 
does not melt at anything like the temperature at which 
the other materials do. The Ventura Company—Messrs. 
Coit, Barton & Cowles—do not use their rock in its 
natural condition, but add to it, in melting, other mate- 
rials. The exact treatment I am not familiar with. I 
think the company has put some pavement down at Palo 
Alto which has been satisfactory. And then it depends 
upon how it is put down. We have some sidewalks in 
Berkeley that are horribly thin and soft stuff. In the 
winter time it gets hard and cracks, and it closes up again 
as soon as the weather becomes warm, and in some 
places weeds come up through it. There is one other point I 
have not heard mentioned in regard to Mr. Smith’s paper, 
and that is his preparation for basalt pavement in cases 
where it is built on sand. If I have noticed correctly, 
he only provides for putting clay on top of the sand, and 
a little more sand, and then the blocks. That seems to 
me a wholly inadequate foundation. It seems to me 
that the block pavement would certainly sink and swell 
in such cases. That has been the experience of cities in 
the East with which I have been acquainted, where the 
soil is more of aclayey nature, perhaps. There, so far as I 
know, they don’t think of putting a pavement of granite 
blocks down without a concrete foundation. The foun- 
dation is always concrete, and then the spaces between the 
blocks are filled in with gravel and tar or asphaltum. 
It seems to me that even more on a sandy soil would 
be necessary to make a good concrete foundation than 
on clay, for the sand cannot be said to be ‘‘ confined.”’ 
It seems to me that it will be a good thing for the 
Supervisors of San Francisco to lay side by side, where 
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the circumstances will all be exactly the same, strips as 
wide as may be necessary of all the various kinds of 
pavements—the various kinds of asphaltum pavements 
and block pavements. 

In St. Louis I have seen what seemed to me quite a 
reasonable scheme. The heavy traffic is down on the 
streets near the river front, and more or less extends 
back into the interior of the town. The lower and 
heavier traveled portions are paved with granite blocks, 
and running out into the interior parts of the town, 
the streets are alternately asphaltum on concrete, and 
granite blocks on concrete, and the heavy traffic is forced 
on to the granite streets and the lighter upon the asphal- 
tum streets. 


A question. I would hke to ask what the common 
rock is where this Ventura mine is? 


A Visitor—Mr. President, I am interested in this 
thing, and can give some information upon the Ventura 
mine. The Ventura Asphaltum Rock Company’s mines 
in Ventura are from four and a-half to ten miles from 
the seaboard. The outside formation is composed mainly 
of clayand chalk. It seems to have been compressed 
by some force of nature and brought up to the surface, 
and contains twenty-five per cent. of fixed bitumen. 
There is nothing volatile about it. There is some silica 
init, and some lime, and alittle ash. It commences to 
soften at two hundred degrees Fahrenheit, and melts at 
from four hundred and eighty to five hundred degrees. 
There is an absence of clay and dirt and we mix in sand 
with this asphaltum, and obtain a mixture artificially, 
which we claim is better than anything nature has pro- 
duced throughout the State. We claim that this pave- 
ment will remain the same as laid, for fifty years. 
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Mr. Gutzkow—I think it would be well for the Board 
of Supervisors to forbid the use of four horse teams in 
this city. In Germany it is entirely forbidden. No- 
body is benefited by the use of four horse teams except 
the proprietor. 


Mr. Wm. Ham. Hall—I have been an observer of the 
wear and tear on pavements in San Francisco for anum- 
ber of years, and have come to the conclusion that their 
failure is not so much due to what we see on top as to 
the foundation. 

Referring to asphaltum and to bituminous rock pave- 
ments, it is fortunate that our cities are not to be gov- 
erned by Mr. Gutzkow’s opinion and mine, because if 
both our opinions were taken, we would not have any 
pavements at all. I understood him to say that our 
bituminous rock is not fit for pavements; I do not think 
there is anything else fit for pavements, at least under 
light travel. 

I think: that rock pavements, where light vehicles 
travel, area barbarism, and it would be a great misfor- 
tune to this country if there were nothing else fit for 
use. Since our bituminous rocks, so called, are the best 
we have, our attention should be directed to how we 
can make the best use of them. If the parties who own 
these deposits are not capable of finding out how best to 
use their output, then I think it eminently proper for 
the city to take hold of the subject, and discover how 
the material from the different deposits can be used to 
the best advantage, else we must bring bituminous rock 
from France (or wherever Paris gets her supply), or 
move San Francisco there. 

I think that an omission in Mr. Smith’s paper is well 
supphed by what Professor Soulé and Mr. Herrmann 
have spoken of. That is, the provision of a wide gutter 
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of stone. Then, with asphalt well laid on good founda- 
tions, 1 think we will come as near to perfection as we 
can hope to get in this State, and to that end I think 
experiments can well be taken up, as Mr. Gutzkow has 
suggested. 


Prof. Soulé—I think there is a limitation to the use 
of bituminous rock in cities that have steep hills, be- 
cause I am satisfied that in cold or rainy weather it 
would offer such a smooth surface that it would be utterly 
impossible for carriages and horses to be driven over it. 
In Paris where they have asphaltum pavements— 
although somewhat different in character from this bitu- 
minous rock pavement—still they present the same ex- 
terior smooth surface. Particularly in cold weather I 
have seen more horses fall and slip in that city than I 
ever saw elsewhere. Itisa very common thing to see 
horses slip there, and that on level streets. It will beso 
here with our bituminous rock, and it will be imprac- 
ticable to use that covering on our steep hills. 

Another thing, in very warm weather there will be a 
tendency for this skin to slip down hill and gather at 
the foot, becoming thin on the upper part, and accumu- 
lating on the lower portion. 


Mr. Herrmann—lI wish to call the attention of the 
members to the great difference in the practical hand- 
ling of petroleum and handling asphaltum. Ihave used 
them side by side in Santa Cruz. Theasphaltum is hard 
and glossy, almost like pitch, and to use it you boil it 
with coal tar; whereas, petroleum mixed with coal tar, 
would be entirely unmanageable. Only steam or boiling 
with water in open kettles will reduce it to a proper con- 
sistency for use. It is then put on the foundation, raked 
even with common rakes and then smoothed with heated 
rollers. 
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Now, as to the experiments that Professor Soulé spoke 
of in Oakland about laying petroleum on an old road, I 
have tried the same experiment successfully. 

There was in San Jose great opposition to the petro- 
leum, and in order to overcome it myself and two of my 
friends chose a street crossing with the heaviest traffic, 
scraped the top off clean and smooth and put about two 
inches of petroleum on it, and it lay there for years until 
the street was remodeled. There never was a hole 
in it or any wear to it. It shows to me conclusively 
that where petroleum is laid on a solid and smooth sur- 
face that cannot give away, that it will almost last for- 
ever: 

There is one thing in regard to laying sidewalks with 
it. I have found that if you forget to put salt on the 
sub-grade before you cover it with petroleum, the latter 
will be broken and cracked by plants and weeds growing 
up through it. 


The Chairman—There seems to be a concensus of 
opinion that asphaltum is the best thing. Nearly every 
speaker has touched upon the importance of a good 
foundation, and also on the fact that the foundation is 
generally wanting. I think it would be a good point if 
some discussion were had on that matter, in order to as- 
certain the cause of the bad foundations. 


Mr. Grunsky—The bituminous surface is one of many 
advantages; | think everyone will admit that. The 
bituminous material that nature offers us here is 
very desirable. It is so good that even in the Kast and 
elsewhere it has been artificially imitated; they mix sub- 
stances chemically as near like ours as they possibly can 
and such material is preferred there. It is united as 
thoroughly as possible with its foundation. Sometimes 
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it is laid upon a concrete foundation, sometimes upon 
macadam, but preferably now upon a base that is 
cemented with coal tar paving cement, as it is called. 
Broken lime is well rammed into place and covered with 
a layer of paving cement. A very small quantity is suf- 
ficient for the base itself. Then a binding course, per- 
haps one and a half to three inches in thickness, is laid 
upon this base, and this is covered with the bituminous 
material, which is very similar to that of Santa Cruz or 
Ventura, after the sand has been added. It makes a 
most excellent pavement. It is free from the waviness 
that is found in the bituminous rock laid upon concrete, 
which has a tendency to assume a wavy surface. Of 
course that varies with the thickness of the material and 
with its character. 

I think that the tendency here should be to secure the 
best possible foundation—that is, the foundation that 
will best unite in the bituminous surface. If the bitu- 
minous material is placed upon concrete on an incline, 
there is a tendency to move. 

The material that is used in making the bituminous 
surface in the East is Trinidad asphaltum, to which sil- 
icates are added. ‘Trinidad asphaltum is used and pul- 
verized lime, which has given very good results. 


Mr. Vischer—This discussion has undoubtedly 
brought out some interesting facts, but coming up at 
the present time, while the Board of Supervisors are 
still engaged in preparing specifications, the question 
suggests itself, whether the discussion invited by Mr. 
Smith’s paper was intended to have a bearing upon 
their work or not? I regret that the author is not pres- 
ent, or I should lke to have asked this question of him. 

It strikes me, however, that a more profitable field for 
inquiry than the one so far pursued would be to elicit 
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an expression of opinion from the Society regarding the 
methods which govern municipal paving work, rather 
than to seek to determine the merits or defects of any 
special material or method of laying pavement. 

Under the present system, engineers have very little 
to say, so far as any of the important elements of the 
question are concerned, and this ‘‘ specification system” 
clearly aims to take the subject of paving entirely out 
of the field where it legitimately belongs—with the en- 
gineers, namely. 

Mr. Smith’s paper enumerates the various devices 
which have been tried in the unsuccessful effort to ob- 
tain ‘‘something for nothing,” which, at least until 
recently, appears to have been the main consideration. 

The pavements first enumerated clearly aimed to dis- 
pense with foundations and provided for a surface only. 
The results were, of course, unsatisfactory. Latterly 
the public have gained insight enough into the matter 
to recognize the need of foundation as well as surface; 
and I believe the present tendency is to go to the oppo- 
site extreme and to construct pavements which are need- 
lessly costly. Ido not wish to say that any pavement 
is too costly if laid and maintained under the proper 
conditions, but unless these conditions are recognized 
and exist, true economy can be very easily overstepped. 

I think I am not mistaking the facts in saying that 
the city has tried every device for paving the streets ex- 
cept the device of employing professional men to deter- 
mine the requirements and leaving the execution also 
to the supervision of men whose business it is to look 
after such matters. The day will come, I hope, when 
the public will recognize that their true interests demand 
that the office of Superintendent of Streets be filled by 
an engineer—or if the political distribution of the loaves 
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and fishes precludes this, then, at least, that some deputy 
should be professionally qualified and should be vested 
with authority to exercise proper discretionary functions 
and carry improved methods into effect. 

The root of the whole difficulty, the reason that San 
Francisco has always been poorly paved, hes really in 
this source. 

The importance of the question in dollars and cents 
to the taxpayers cannot be easily stated too high, nor is 
there any matter which is more likely to permanently 
effect the growth of public prosperity. 

The so-called ‘‘ specifications” to which I have al- 
luded, set forth the conditions, or rather the various sets 
of conditions, any one of which if compled with, en- 
title property owners to shift the burden of repairs and 
maintenance of the paving opposite their street front- 
ages for ever afterwards from their own shoulders to 
those of the taxpayers at large. 

The private interest and the community interest are 
not in harmony, and it is easy to foresee what a burden 
is in store for the city, and that, too, without prospect 
of reasonably well paved streets in the end. 

With the passage of the pavement ‘‘specification ”’ in 
the form of an ordinance, the responsibilities of the 
authorities practically ends. Any engineer will admit 
that what is good pavement under one set of conditions, 
will prove poor pavement under other circumstances, 
and any engineer of experience knows that no pave- 
ment, however excellent when laid, but will deteriorate 
unless properly cared for and systematically looked after 
when the first indications of weakness appear. There 
is nothing to which the ‘‘stitch in time” applies more 
forcibly than to roads and pavements, or in fact to any 
device exposed to heavy traffic. 
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Now the functions of the governing body as at pres- 
ent exercised, practically terminate where the real ques- 
tion begins. After having tinkered together the ‘‘spec- 
ifications,’’ no attempt is ever made to define the exter- 
nal conditions under which any one set may be used. 
It rests with the property owners of any one block to 
decide whether the pavement to be laid on their , block 
shall be asphaltum, block, or, until latterly, a cobble 
pavement. The result of this system, or rather lack of 
system, is what we have before us; pavements of all de- 
scriptions closely following upon one another, without 
regard to traffic, grades or character of the locality; also 
asphaltum pavements laid on grades so steep that after 
a shower horses are afraid to pull a load up hill for fear 
of slipping, and with surfaces so smooth that brakes 
will not hold in going down hill. In other places we 
see macadam used where the grades are so steep that the 
surface water, failing to reach the gutterways, have com- 
pletely cut through the rock covering of the street. 

With all deference to the engineers whose public spirit 
may have led them to assist the Board in its delibera-’ 
tions, I think it will be generally admitted that the de- 
liberations of the Board never exceeded very narrow 
limits. To do anything beyond providing a covering 
for the street, seems never to have been aimed at; the 
effect on stock and vehicles, or the safety and conven- 
ience to the public hardly appears to have received pass- 
ing notice. 

Street pavements is not a simple but a very intricate 
subject, and under the growing demands of traffic, a 
contest has been going on in the large cities of the world 
which is entirely analogous to that which has been 
maintained between heavy projectiles and heavy armor 
in naval construction. 
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A few thousand dollars spent in securing the best ef- 
forts of expert engineers would have been noney saved 
to the city, and until their services are properly remu- 
nerated, it is not to be expected that engineers, how- 
ever much actuated by public spirit, will be willing to 
devote time and study to settle questions which the pub- 
lic does not offer to pay for. 

Among the suggestions to the Board the recommen- 
dation was made relative to concrete pavement founda- 
tions, that none but the best (consequently the most ex- 
pensive) brands of cement should be used, and the 
quantity of cement recommended was very liberal. 
However, good as abstract advice, I question its sound- 
ness as long as concrete foundations are laid according 
to the customary practice. After the ingredients for the 
concrete are dry, mixed ona plank platform, laid on 
the bed prepared to receive the foundation, it is cus- 
tomary to apply the water through a common hose, at- 
tached to an adjacent faucet, which is allowed to run 
under considerable head while subsequent mixing with 
shovels goes on. It would be hard to state how much 
of the cement remains in the concrete when finally laid 
and how much is leached off into the sand or soil under 
the pavement. While such methods are permitted, why 
waste good cement by putting it into pavement founda- 
tions at all? | 

Another matter of importance is that at present there 
is only a nominal guarantee that pavements when torn 
up for repairs of pipes, ete., will be put back in good 
condition. In fact as long as our streets remain in their 
present transition style, I doubt whether too great out- 
lay is real economy. One of these days, probably, the 
practice will come into vogue of laying the gas and 
water pipes, the sewers and all other paraphernalia now 
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strewed about at random in well constructed ‘‘ subways”’ 
in which repairs and inspection can go on at any time 
without tearing up the street surface. When this point 
is reached, it will pay to adopt the highest forms of con- 
struction for our paving. 

By that time the rate of interest on money will prob- 
ably be lower than now, which will also justify greater 
outlay. 


Mr. Manson—lI was very glad to hear Mr. Hall speak 
of California material as he did. Ido not know per- 
sonally about the situation of European cities, but there 
are no cities or towns in the United States near which 
better material for paving exists. Our basalt or trap 
rock is of a strong, tough, and durable character, and is 
much superior to the granite used in many of the east- 
ern cities. I believe in relation to asphaltum and bitu- 
minous matter that California can present a wider range 
and a better class of material than we have imported 
into this country from anywhere else, and that we have 
less excuse for bad pavements than any other city in 
America. 

The main trouble with all our pavements is that there 
is a premium on bad work and too much ‘politics ”’ 
used in making and repairing them. The city accepts 
a street when it has been put in a certain condition. It 
is to the interest of the property holder to spend as little 
as possible in getting the city to accept his street. The 
work is judged of, as a usual thing, by an utterly incom- 
petent inspector, and is passed upon by a more incom- 
petent Superintendent of Streets. As Mr. Vischer says, 
it needs an engineer. It needs an engineer not only 
of a wide range of experience, but one, just now, with 
a cast iron backbone. , 

We can continue to improve our asphaltum by refin- 
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ing it, and giving it that degree of toughness which is 
best suited to the particular use it is to be subjected to. 
There is no question that the various asphaltums from 
different places require different treatment. 

Our streets have cost, so far as I have been able to 
learn from carefully going over the various reports of 
Superintendents of Streets, the sum of thirty-one mill- 
ion dollars that I know of. How much more in the 
matter of repairs, done by private citizens, 1t 1s 1mpos- 
sible to state. The record is not available. Now Lon- 
don measures her age by centuries, where we measure 
ours by decades. London is still experimenting and 
improving, still tearing up streets and re-building them, 
and I don’t think that we should stand still here and 
let our streets suffer until permanent underground con- 
duits are made; if we do, I think not many of us will 
have the pleasure of driving over good streets. 


Mr. Vischer—Concerning our basalts, I hardly share 
Mr. Manson’s high opinion of the material. Much of 
it becomes very smooth after it has been for some time 
in use in pavements, and unless it receives more care 
than it usually receives, our basalt pavements soon fall 
into bad condition. 


Mr. Manson—Some of our basalts are very hard, and 
they wear as slick as glass. The hardest were those used 
on Market street, between the cable roads and between 
the tracks; they were grouted in every joint, with the 
hardest cement. I kept an account of horses that I saw 
fall upon this pavement and all other pavements in the 
city, and the proportion was about-nine to one on the 
Market street pavement, when first put down. I fre- 
quently observed as high as two and three a week. That 
number has decreased of late, for the reason that the 
roadbed has given out. 
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There is stone that is quarried both in Marin and So- 
noma Counties which does not wear slick; its edge re- 
mains good, and it wears uniformly; it is a tough stone 
and does not give out, and it is the only material that 
will stand the heaviest teaming. 


Q. What do you mean by saying that the roadbed 
was wearing out as regards to horses falling down? 


A. It is giving out entirely, and they have been tak- 
ing it out all along the line. Then again the roadbed is 
wearing down, which makes it irregular and uneven, so 
horses obtain a better foothold than at first. 


A Member—In Paris, and very largely in the East, 
limestone and bituminous matter is used. The Ger- 
mans, in paving Berlin, in their specifications have sub- 
stituted for limestone coarse, sharp sand, and get a much 
better wearing surface, so far as its being slippery is 
concerned. 


A Member—In Washington the plastic pavement is 
used, and there are extensive reports upon the subject. 
That city is very largely paved with that class of mate- 
rial. 


Mr. Herrmann—I remember that the asphaltum pave- 
ment in Washington is very slippery, and in rainy 
weather itis unsafe for man or beast to walk upon it. 
This is particularly the case on Pennsylvania avenue, 
the crown of which is too low to allow of quick drainage 
of rain-water or melting snow. 

Q.—Is it not a fact, Mr. Herrmann, that Washington 
has the reputation of being the best paved city in the 
United States? 

A.—It is nicely paved. 


Mr. Hall—A suggestion has been made that large and 
3 
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heavy teams should be prohibited from traveling, at least, 
on some streets. To go with that, I would suggest that 
there be an ordinance providing that teams carrying 
loads of certain weights should have tires of a certain 
width. 

In superintending the Park’ here in 1870 to 1876, I 
had great difficulty in preventing newly made macada- 
mized roads from being cut to pieces by heavy teams 
going out to the acid factory, powder works, and certain 
other establishments beyond, there being no other line 
of communication except through the Park. I recom- 
mended the Park Commissioners to pass an ordinance 
providing that those teams carrying such and such loads 
(I have forgotten just what the loads were), should have 
suitable and proportionate width of tire. The ordinance 
was passed, and for number of years heavy teaming 
was carried on without injury to the roads. I came to 
the conclusion that a five-inch tire put on a macadam 
road would do about one-tenth the damage that a three- 
inch did; certainly not over one-fifth. 

I think if there were such an ordinance here in the 
city, it would be productive of, great good. I know it is 
very much less draft on the horses on a roadway with a 
yielding surface, to have a wide tire than a narrow one. 

In regard to foundation, there seems to be a great deal 
of misunderstanding on that subject in this city. The 
argument has been frequently advanced before the Board 
of Supervisors, that there is no foundation better than 
sand. That broad assertion is continually made, and 
they willsay, ‘‘Go and ask any engineer, and he will 
tell you there 1s no foundation better than sand.”? Under 
certain conditions that isa fact. If the sand is boxed 
in, and you impose upon it an absolutely unyielding 
surface to press with, then that foundation is good—it is 
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just as good as rock. Butif you put upon it a surface 
like a roadway, that may go down in one place and rise 
up in another, then the sand foundation is good for 
nothing. For some purposes, perhaps, it is true there 
is no foundation better than sand; but as a foundation 
for roadways itis not good, not near as good as rock, and 
not near as good as clay, if you drain the clay. Sand is 
nota proper foundation on which to lay this bituminous 
rock, as is frequently done here. We will never have 
good bituminous surface until we have a better method 
of laying it—a good thick bed of good concrete for a 
foundation. 


Mr. Vischer has spoken of the utility of discussion on 
this matter. It seems to me that the utility of such dis- 
cussions is to give the public the idea that engineers 
should have and do have something other than mere 
surveying experience. A very large proportion of tax 
payers of this country look upon an engineer as a sur- 
veyor, and nothing more. The city engineer, they 
think, should run out the lines and set the grades, and 
there his function ceases. Until the people of the coun- 
try are educated to a different idea of the functions of 
the civil engineer, we need never hope to have civil en- 
gineers in stronger positions in respect to public im- 
provements than now. I don’t know how we can get 
en rapport with the people unless we make ourselves 
heard through the meetings of the Technical Society, or 
some other way like that. 


A Member—There is one piece of asphaltum or bitu- 
minous rock pavement in this city that I have watched 
for over ten years; I don’t know what company laid it, 
or where the rock came from. Itison the corner of Eddy 
and Jones streets. Until that was cut up a year or two 
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ago for the purpose of laying in a gas-pipe, I think it 
stood without break and perfectly intact. 


Mr. Vischer—Speaking of the width of tires, experi- 
ments have shown that there isa marked difference be- 
tween the wear produced by a three-inch and a five-inch 
tire, while between that anda seven-inch tire there is 
very little difference. 

Another important thing to be considered in connec- 
tion with pavements is the construction of the vehicle 
itself. It makes a great difference whether the load is 
carried on springs, or upon a dead axle. Here in San 
Francisco our heaviest loads are carried without any 
springs at all. There are numerous things that enter 
into the subject which we have been discussing, which 
make it a very intricate, instead of a very simple mat- 
ter. Hosts of experiments have been carried on in Ku- 
ropean countries, and there is a literature to itself on 
the subject. I doubt whether this Society would find 
time to discuss the subject in extenso. 


Mr. Herrmann—A law was passed about 1874 regu- 
lating the width of tires, which I believe was declared 
unconstitutional by the Supreme Court. The width of 
tire is an important factor in the preservation of good 
roads, and so also is the width of the wagon. With 
wagons of the same width, the wheels wear continuously 
in the same ruts, and the utter destruction of the road 
surface is only a question of a short time. 

There was a law in Germany, when all freighting was 
done by horse-power, that a tire, I think ten inches 
wide, went scott free over the toll roads, no matter how 
heavy the load, or how many horses, but a narrow tire 
had to pay a heavy toll. | 
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‘The transformation that has taken place in the con- 
struction of elevators, since their general introduction 
into buildings only a few years ago, has been very 
marked. The best type in use about twenty-five years 
ago was the worm and wheel. These proved altogether 
too slow for rapid communication between the floors of 
high buildings. Various modifications were made until 
the introduction of hydraulics. 

It is not to be understood from this that hydraulic 
cylinders for elevator purposes were unknown at the 
period referred to, but that they were so slow and cum- 
bersome as to be totally inadequate to supply the wants 
of elevators of the present day. Although the worm and 
wheel proved a safe method, it was found impracticable 
to increase the speed necessary to meet the requirements 
of high buildings, and attention was turned to the im- 
provement of hydraulic cylinders. Several enterprising 
firms took up the matter, and, after some experimenting, 
it was found that by storing water in an accumulator— 
a vessel of sufficient capacity to hold water under 
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pressure—or a tank situated on the roof or other place 
sufficiently elevated, afforded a means of obtaining a 
regular supply of water to meet the requirements. 

In many cases the cylinders of elevators were supplied 
direct from the water mains. This proved expensive, 
and to-day the majority of buildings use water under 
pressure supphed from tanks into which the water is 
pumped by engines on the premises. The plant neces- 
sary for this purpose consists of boilers, engines, pumps 
and tanks. The engine and pump are usually united 
into one machine. In this form the engine cannot be 
appled to any other purpose than pumping. The whole 
of the above plant, in all cases, has to be equal in capa- 
city to lift the maximum load taken up by the elevator. 
And this is the principal defect in the system, that no 
matter what the load to be lifted, the expense is the same, 
because it costs just as much, in first cost and running 
expenses, to keep the tank or accumulator filled, and 
just as much water is required to fill the cylinders and 
lift the cage, whether filled or empty. 

From observations of the writer, not more than one- 
sixth of the maximum load is lifted by elevators in every 
day working. So that the boilers, engines and pumps 
cost six times as much and the running expenses are six 
times greater than is demanded by the actual work per- 
formed. 

A few years ago, Mr. Hall, a practical mechanic, was 
asked by his employers if he could not devise some cheap 
and easy means of raising and lowering loads in their 
building, without the expense of special pumps and 
tanks. After some consideration it occurred to him to 
try and apply directly the pressure in the boiler. His 
first idea was to lift the elevator by the water in the 
boiler with the pressure of steam on top; but this was 
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abandoned as he saw no means of getting the water back 
into the boiler. It then occurred to him to apply the 
steam on the top of a column of water. To accomplish 
this it was necessary only to make such arrangements of 
pipes and valves as would enable him to apply the steam, 
and after the elevator was raised to the desired height, 
to exhaust it into the atmosphere as is done froma high 
pressure engine. This was soon accomplished, and the 
results were so satisfactory that he applied for and ob- 
tained letters patent. 

He had to overcome a strong prejudice in ee own 
mind, and one that is very common, that steam would 
condense so rapidly when in contact with cold water, 
that its direct application, by contact, to a column of 
cold water to set that water in motion, was impracti- 
cable. His first attempts in this direction were partial 
failures because the steam did condense so rapidly as to 
require an enormous quantity, quite out of proportion 
to the work done. A consideration of the construction 
of the pulsometer led him to so modify the shape of the 
end of the receiver where steam was applied, as soon en- 
abled him to overcome the rapid condensation, and 
finally to produce the present simple and economic 
method of raising elevators, which he has termed Hydro- 
Steam. 

The great and primary difficulty was to apply steam 
to a column of water without agitating it. This was 
done by making the end of the receiver conical, sloping 
each side at an angle of 15 degrees.’ It could have been 
done, but not so economically, by using a column of 
water the same size as the steam pipe, but it was imprac- 
ticable on account of the great length necessary in the 
case of a high lift. His object was to obtain a receiver 
of the requisite capacity of moderate length. The dis- 
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covery of the application of steam to a circular column 
of water sloping at an angle of 15 degrees enabled him 
to make a vessel of any desired capacity. 

The next consideration was to devise suitable valves, 
to apply the steam, to control the water raising the ele- 
vator, to shut off the steam, to exhaust it, and finally to 
return the water to the receiver and at the same time 
to maintain perfect control over the cage. This was 
accomplished by two valves, one for the steam and the 
other for the water. In the diagram A is the iron 
case sunk in the ground in which the ram B rises 
and sinks. Cis the elevator. Dis the receiver which 
contains the water acted upon by the steam from the 
boiler #. The steam flows through the valve F into 
the receiver, and the water in the latter is set in motion 
by the pressure of the steam and made to flow through 
the water valve G, of which a full size section is likewise 
shown. The water, having motion imparted to it by 
the steam, enters the case A and raises the ram B. H 
and J are grooved wheels at bottom and top of elevator- 
well for holding the hand rope U in position. Said rope 
makes one or two turns round the wheel J and gives 
motion to it. On the same shaft with J are keyed two 
sprocket wheels A and ZL, which communicate motion 
through the chains and rods, respectively, to the sprocket 
wheels V, which actuates the water valve G, and O which 
actuates the steam valve Ff. Tis the steam pipe con- 
necting the boiler # with receiver D. S is the water 
pipe connecting the receiver with the ram, through the 
surrounding case A. Pisa stop valve for shutting off 
communication between receiver and case, and V is a 
stuffing box or gland for keeping the ram B water tight 
in the case A. 

The steam valve is really two valves known technically 
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as the poppet type. They are similar in action to the 
common safety valve, with this difference: that the 
pressure of the steam keeps them closed. They perform 
four distinct functions, although only a double or two- 
way valve. One poppet allows the steam to enter the 
receiver and then shuts it off. The other opens to the 
atmosphere and allows the steam, after 1t has done its 
work, to exhaust, and then closes and prevents the live 
steam from escaping while on its way to the receiver. 
The two valves are controlled by a pin projecting from 
each side of a small circular disc, acting on a slotted 
lever attached to each valve, to which motion is commu- 
nicated through a sprocket wheel keyed upon the disc 
shaft, acted upon by a chain from the wheel turned in 
the usual way by the elevator or attendant, and alter- 
nately opened and closed by the alternate motion of the 
cage. It is impossible to open both valves at the same 
time. When the elevator is at rest both valves are 
always closed. If the cage is to ascend by pulling the 
elevator rope in the proper direction, the steam valve is 
opened and allows steam to enter the receiver. If it is 
to descend, the exhaust is opened and permits the steam 
to escape. If the cage is raised to any point and 
allowed to stand during such an interval as permits the 
steam used to condense, on pulling the rope to descend, 
the exhaust valve is opened as usual and acts precisely 
as if the steam were to be exhausted. As there are two 
distinct valves it is to be remembered that the steam 
valve can only be opened on the cage ascending, and 
the exhaust on the cage descending. The mechanism 
is so simple that it is impossible for the valves to be 
moved the wrong way. 

As the steam valve is placed between the boiler and 
the receiver, so is the water valve between the receiver 
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and the hydraulic cylinder. Like the steam valve the 
water valve is two distinct valves. The valve chamber 
is a hollow cylinder which can be made any diameter 
and any length, with an opening on each side, below 
the center, for the ingress and egress of water. A 
double rocking arm, with a joint at each end in line 
with the center, is placed in the cylinder, on a shaft, 
which passes through the covers. To each arm is at- 
tached, by the joint, a circular valve, which is machine 





WATER VALVE. 


ground to fit accurately the annular face of the chamber. 
Each valve is more than twice the length, circumferen- 
tially, of the openings in the chamber already men- 
tioned. On turning the shaft either valve can be moved 
in a downward direction so as to completely uncover a 
port. But as each valve is more than twice the length 
of the port opening, both ports cannot be uncovered at 
the same time. If the pressure is less on the uncovered 
port than on the other, the water lifts the valve on its 
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hinge and passes through. If the pressure is greater on 
the open port side, the water cannot pass through in that 
direction so long as the valve covers the port. When 
the rocking arm is turned so that both ports are covered 
the water cannot pass either way but is held fixed in the 
position where the elevator stops. It is thus seen that 
the water valve controls the motion of the water exactly 
in the same manner that the steam valve controls the 
steam. The water valve is acted upon directly by a 
sprocket wheel keyed to the rocking arm shaft to which 
alternate motion is given in the same manner and at 
the same time as the steam valve. To give motion up- 
ward to the cage, both steam and water valves must be 
acted upon simultaneously. If the steam valve is dis- 
connected from the elevator rope, the cage could de- 
scend by giving egress to the water through the water 
valve, but it could not ascend. And the cage in such a 
case could not descend if the valve were turned to take 
water from the receiver, as the port would be covered in 
that direction, so that the water could not escape. It is 
thus seen that the motion of the cage is perfectly under 
control, and that motion, either: up or down, can only 
be given by moving both valves simultaneously in the 
proper direction. The manner of giving motion to 
the cage of the hall is exactly like that of any other ele- 
vator. 

The speed is regulated by the size of water pipe, and 
can be adjusted to meet any requirements. As the r:- 
ceiver is placed close to the ram, only a few feet of water 
piping is needed. The steam pipe is common to both 
systems. No engines and pumps are required for this 
system. As the receiver is close to the cage the double 
system of piping necessary in the ordinary hydraulic 
elevator, up from the pump to the tank and thence to 
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the elevator, is not required. The running expenses 
are reduced to a minimum because the steam used in 
the boiler is proportionate to the work done. The cage 
can be balanced within a small percentage of its weight, 
therefore steam 1s wasted in overcoming the remaining 
small amount of dead weight only, and not in raising 
water to a constant height at the top of the building, no 
matter what the load, as is the case with the common 
hydraulic system. 

To test the merits of the two systems, a trial was 
made at the California Electric Light Works on March 
10th, 1891. The steam pump used on this occasion was 
a new one called the Buffalo pump, and is the outcome 
of the expired patents of the Worthington. Like it the 
Buffalo is a duplex, substantially made, and is similar 
but simpler in construction. The steam cylinder is 73 
inches diameter, and the water cylinder 43 inches, with 
10-inch stroke. It is exactly like the Worthington in 
action; the piston rod of one cylinder operating the 
valve of the other. 

The following is from notes taken at the trial, which 
was witnessed by several members of the Technical 
Society of this city, and a few other gentlemen who are 
thinking of purchasing elevators. 

After connection was made between the pump and the 
elevator, communication was closed between them by 
means of a valve, and steam was turned on. A pres- 
sure of 200 pounds was indicated on a gauge attached to 
the water pipe, when a small leak was discovered where 
the gauge was connected. After this was remedied the 
water gauge indicated 210 pounds. Steam was then 
shut off when the pressure went down to 195 pounds 
in three minutes, then down to 185 pounds in another 
ninety seconds, and finally to 180 pounds in another 
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ninety seconds. To sum the result, the pressure fell 
from 210 pounds to 180 pounds in six minutes, which 
quite satisfied the observers that the pump was in excel- 
lent order. A 100 gallon cask was filled up within a few 
inches of the top, into which was inserted the exhaust 
pipes from both pumpand receiver. Their ends reached 
within a foot of the bottom-and the pipes rested on 
props so that no portion of their weight was upon the 
cask. The receiver was a wrought iron cylinder, six feet 
six inches long, with a conical end next to steam pipe 
as described above, standing on end, and is 20 inches 
internal diameter. The cage is raised by a ram 83 inches 
diameter, and has a lift of 31 feet 10 inches. The ram 
is made of standard steam pipe, and when turned true 
in alathe isabout 2 inch thick. It is enclosed in an iron 
case sunk into the ground and isin no way protected from 
the cooling effect of the earth surrounding it. 

It may be here stated, parenthetically, that an iron 
column 60 feet long, 84 inches diameter and #4 inch thick 
will support a load, including its own weight, of 14,800 
pounds, with a factor of safety of 5. The same column 
4 inch thick will support 295100 pounds with the same 
factor of safety. 

The cage was now raised some feet from the ground 
and steam shut off from the boiler, which had the effect 
of preventing the cage from rising but not from coming 
down. No jerks or sudden starts were felt. The mo- 
tion was easy and gradual just like the best regulated 
elevators. The cage remained stationary when the 
valve was opened from receiver, showing that complete 
control was exercised over it, and when the water sus- 
taining the cage was allowed to run out, the cage came 
down in the usual manner. Steam was again turned on 
and the cage was lifted through its entire height in 10 
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seconds from the time of opening valve to automatically 
stopping. The downward trip was made in 11 seconds. 

Communication with receiver to ordinary exhaust out- 
let was now closed and that from exhaust valve to cask, 
resting on platform scales, opened. Cold water was now 
run into receiver until it overflowed into cask, through 
exhaust valve, which was determined by scales showing 
increased weight in cask. Weighings of condensed 
steam now began, initial weight being 740 pounds; first 
trip, 749; second, 7593. This was considered excessive, 
a leak being suspected between barrel of cold water, 
to which pump was connected, and receiver, through a 
valve shutting off communication between them. The 
pipe was consequently disconnected. First trial was 
now begun, scale indicating 780 pounds. First trip, 
789 pounds; second, 8005; third, 814; fourth, 823; fifth, 
834; sixth, 8423; seventh, 853; eighth, 862; ninth, 8703; 
tenth, 8733; eleventh, 878; twelfth, 885; thirteenth, 
8933, and fourteenth, 905 pounds; average, 8.8 pounds. 
This was considered excessive. The cage was now 
loaded with 2,255 pounds of iron, and second trial was 
made. Initial weight, 569 pounds; first trip, 570 
pounds; second, 586; third, 5953; fourth, 606; fifth, 
615; sixth, 623; seventh, 631; eighth, 640; ninth, 648, 
and tenth, 656; average, 8.7. 

Two persons then got into the cage whose united 
weight increased the load to 2,617 pounds, and were 
carried up in fifteen seconds. 

Steam was then shut off from receiver and trials with 
pump began... Steam was turned on and condensation 
was blown into the cask. Load sameas before. Initial 
weight, 763 pounds. First trip, 774 pounds; second, 
784. The condensation from these two trips was made 
into the cask in addition to that from receiver. The 
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cask was now emptied and re-filled with cold water. 
Condensation again blown out of cylinder. Third trial, 
initial weight, 604 lbs. First trip, 625; second 6354; 
third, 6483; fourth, 659. Average, 138? pounds. Time 
of trip, 52 seconds. | 

Cask was again emptied and re-filled, considerable 
water being lost by evaporation. Condensation again 
blown out. Fourth trial, initial weight, 7105 pounds. 
First trip, 7284; second and third, 756. Average 15% 
pounds. Cask again emptied as the temperature was over 
150 degrees. Water in cask at next trial stood at 70 de- 
grees, before blowing condensation into it, which raised it 
to 80 degrees. Fifth trial,initial weight,809 pounds. First 
trip, 3253 (tem. 98 degrees); second, 836 (tem. 108); 
third, 848 (tem. 128); average 13 pounds. Cask refilled 
with cold water. Initial temperature, 84 degrees, final 
132 degrees. Sixth trial initial weight, 810 pounds. At 
end of three trips, 8483 pounds. Average, 12.83 pounds. 

The pump was now disconnected and the steam pipe 
attached to receiver. Seventh trial, initial temperature 
of water, 79 degrees, scale, 739 pounds. First trip, 7514; 
second, 7623; third, 773} (tem. 92); fourth, 785; fifth, 
7954; sixth, 8053; seventh, 817 (tem. 102); eighth, 8264. 
ninth, 836; tenth, 846; final temperature, 102 degrees; 
Average, 10.7 pounds. 

A final trial was made with the cage empty with the 
following result: Eighth trial, initial temperature, 103 
degrees; scale, 720 pounds. First trip, 725; second, 7313; 
sixth, 7494; seventh, 760; eighth, 766; ninth, 7703; 
tenth, 776 pounds. Temperature, 125 degrees. Aver- 
age, 5.6pounds. The temperature of the water was then 
tested as it flowed direct from top of receiver and was 
found to be 185 degrees. 
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The results, for purpose of comparison, are tabulated: — 
[st trial steam, cage empty, average 8.8 lbs. 
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It is to be noticed that in the first trial the average 
was 8.8 pounds condensed water from steam acting upon 
column of water in receiver. The water was cooler than 
in second trial, and although cage was loaded with 2,255 
pounds, the average was only 8.7 pounds. The third 
trial with pump showed an average of 13.75 pounds, and 
in the sixth it fell to 12.83 pounds. In the seventh trial 
the water in receiver had cooled down during trials with 
pump and the average was consequently high. In the 
eighth and final trial the receiver had become warmed, 
and with the cage empty the average fell to 5.6 pounds. 

Taking the minimum and maximum averages between 
pump and steam in the sixth and seventh trials, the 
difference is 20% in favor of the Hall system. If a gen- 
eral average is taken of the four trials with the pump 
and the four with steam, the difference is 61/7 in favor 
of the Hall. 

It is to be borne in mind that in these competitive 
trials the pump was the most favorably situated as com- 
pared with ordinary practice because there was not a 
pound of water pumped that did not do full duty under 
the ram. The time required for the pump to raise the 
elevator through its 31 feet 10 inches of lift, loaded, 
working at 60 double strokes per minute, was 55 seconds. 

4 
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The following deductions seem to flow as a matter of 
course. 

First, That the Hydro-Steam system is cheaper to work 
by at least 50Z, and, | 

Second, That this system is equally as safe and quite 
as much under control as the best hydraulic system 
known to the writer. 

Third, That a horizontal or vertical cylinder, jacketed 
to prevent loss by radiation, with a multiple rope, would 
be a much more economical method, and fully as cheap 
as the ram and case. 

The amount of displacement of a column 31 feet 10 
inches long and 83 inches diameter is equal to 12.4 cubic 
feet. The working pressure necessary to raise the cage 
loaded as above was observed to be 70 pounds per square 
inch as indicated by an Ashcroft gauge graduated to sin- 
gle pounds. Now,steam at 70 pounds above the atmos- 
phere is equal to 5.4 absolute pressures. One cubic 
inch of water converted into steam at atmospheric pres- 
sure is equivalent to 1645 cubic inches of steam. 

In this article it is called one cubic foot for the sake 
of simplicity. The error is about one twenty-fourth, so 
that it is not a serious one. As the quantity of water in 
steam is proportionate to the pressure, one cubic foot of 
steam at 5.4 atmospheres contains that number of cubic 
inches, and 12.4 cubic feet will therefore contain about 69 
cubic inches of water, which equals about 2.5 pounds. If 
9 pounds is taken as the average condensation for each 
trip of the elevator, loaded, more than 2.5 times of the 
theoreticalamount required is condensed in the receiver, 
and yet, as is shown above, the Hall is from 20 Z to 60 % 
more economical than the pump is under the most fa- 
vorable circumstances. As ordinary coal will convert 
about 6 pounds of water into steam, each trip of the ele- 
rator, at that rate, would consume 14 pounds. 
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As horse power is the product of mass into velocity, 
and as the load and cage are about equal to 3,750 pounds 
moving with a velocity of 35 feet per second, the work 
done in raising the loaded elevator through 32 feet repre- 
sents 20 horse power, 2. e., ifthe cage were kept moving up- 
wards constantly with its load of 2,255 pounds, a 20-horse 
power boiler would be required. As, however, one trip 
per minute is more than could be accomplished in actual 
work, it follows that 3-horse power per elevator would be 
ample to supply all demands where several elevators 
would be worked from one boiler. This is what Mr. 
Hall has found is required in practice. It follows that 
the more elevators are operated from one source of sup- 
ply, the more economical would they prove. 

In conclusion, the writer wishes to say that he began 
to investigate the Hall Hydro-Steam system several 
months ago, and the more he inquires into it the more 
he is impressed with its economy and utility as com- 
pared with other systems. 
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ABRASIVE PROCESSES IN THE MECHANIC ARTS. 
By Joun RicHarps, Mem. Tecnu. Soc. P. C. 
{Read February 6th, 1891. ] 


In converting material by the various manipulative 
processes, nearly all relate to shaping and fitting—reduc- 
ing to true or exact dimensions it may be called, and 
these processes for all kinds of material are mainly cut- 
ting, if we include in that term abrasive action, as well 
as that of edges or the ‘‘ cleaving wedge.” 

This, of course, apples to finishing processes in which 
material is treated at its normal temperature, and not to 
what may be called hot processes, in which various kinds 
of material are melted and flow into form by gravity, or 
is softened and rendered plastic by heat so as to be 
pressed or hammered into form. 

These last named processes, when apphed to metals, 
are inexact, because the material is treated when in an 
expanded and distorted form. They are preliminary 
processes that have to be followed by either abrasive or 
direct cutting, to produce exact dimensions, so that 
nearly all material of every kind except that class called 
fibrous, is treated by cutting, either direct or abrasive, 
the latter being only a modification of the former, but 
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done under conditions that make it seem totally differ- 
ent. 

In the conversion of wood, for example, calling for 
hundreds of various processes and implements, nearly 
all operations are direct cutting by means of edges; 
bending and polishing being the only exceptions in 
common practice. This is because the material is soft, 
and we find the same rule in horn, bone, leather, 
and indeed all material that can be so treated. 

It is not the intention to generalize the processes of 
converting material. The subject is interesting and 
admits of classification in a great degree, as was shown 
by Babbage in his ‘‘ Economy of Manufactures,” pub- 
lished in 1832. The limits of a paper such as this does 
not permit notice of more than one branch or one di- 
vision, if followed out to the circumstances of applica- 
tion. 

Cutting, as before explained, is divided into two 
classes, direct and abrasive. The direct process by 
means of edges, applicable to soft material, and abrasive 
cutting, applicable to hard material. It is difficult to 
determine which of these is most extensive or important. 

In some branches, machine fitting for example, the 
leading processes are direct cutting, this term applying 
to turning, planing, drilling, milling, and so on. In 
other branches, such as saw and edge-tool making, the 
principal finishing processes are abrasive by grinding 
on wet stones, or dry wheels, usually both, the distinc- 
tion arising as before pointed out, by the hardness of the 
material and the accuracy required. 

WET STONE GRINDING. 
Abrasive cutting is performed by means of wet stones, 


sand, emery, glass corundum, crocus, rouge, chilled 
globules of iron, and in some cases by soft, friable iron 
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alone. Chief among these methods, is that of wet 
stones or common grindstones, which form a more im- 
portant part of converting implements than is commonly 
supposed. 

It is common to consider a grindstone as a kind of 
simple contrivance for rough work, not involving any 
operative conditions worth considering, but this is a 
great mistake. It is true that in sharpening tools and 
other operations where an indefinite amount is cut away 
and the material is held in the hands, all applied by 
yielding pressure, the operation is simple enough, but as 
soon as gauge or positive grinding is attempted we have 
a totally different process, one involving intricate and 
difficult conditions that a century of endeavor has not 
put into a scientific or even understood form. 

In proof of this let me point out that if a wet stone 
grinding machine for exact dimensions is wanted, there 
is, perhaps, not a firm in Kurope or America where 
such a machine can be ordered without supplying plans 
for it, nor is there, outside of the factories where such 
machines are developed, any knowledge of the processes 
that will permit the construction of such machines, and 
it is because of this fact mainly I have brought the sub- 
ject of grindstones before you this evening. 

Before proceeding to consider gauge grinding machines 
it will be proper to mention that they are not excep- 
tional. Saws of all kinds from the tiny web, one-eighth 
of an inch wide, up to the huge circular saw, six feet in 
diameter, are all gauge ground by machinery on wet 
stones. Some of these machines cost many thousands 
of dollars, and on this process more than any other does 
our modern manufacturer of saws depend. Carpenters’ 
steel squares, files of all kinds, smoothing irons, spindles, 
gun barrels, and in some cases. small shafts, are gauge 
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ground. The nearest organized manufacturer of gauge 
grinding machines I have known was a works that ex- 
isted twenty years ago at Cohoes, New York, where an 
ingenious mechanic, by the name of Blake, constructed 
wet stone machines for various kinds of work. I visited 
his works in 1865 when he was engaged in constructing 
machines for grinding files, squares, and other kinds of 
tools, the purpose of my visit being to procure machinery 
for grinding plane irons at the Ohio Tool Co.’s Works, 
where I was at that time engaged, and I must say that 
so far as appears, the main problems involved in these 
processes and the means of meeting them were then as 
well understood as they are now. It is true that since 
that time, and especially during the ten years that suc- 
ceeded, Mr. Baker, of the Disston Works in Philadel- 
phia, developed a great deal that was new in grinding, 
discovering certain rules or principles that in some de- 
gree gave promise of a more scientific understanding of 
the processes. 

Mr. Baker, who is better known here as the inventor 
of the blowing machines that bear his name, is perhaps 
the greatest expert now living in the art of wet grind- 
ing. He is also a mechanic of eminence in many other 
branches, but wet stone grinding he claims has _ pre- 
sented the most difficult problem he has met with in the 
great Disston Works at Philadelphia, Pa., andin another 
large works of an analogous kind where he is now en- 
gaged, if living. 

Mr. Blake, before mentioned, removed to England, 
where I am informed he now carries on an extensive 
business in grinding for the trade. His method con- 
sisted of an endless platen or chain of platens, revoly- 
ing in front of the stones, the plates or tables being 
guided as they passed the point of contact, so as to 
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present the pieces in various positions, they being fast- 
ened on the plates by means of clamps. The dif- 
ficulty encountered, and the main one presented in all 
kinds of wet stone grinding, was the rapid wear of all 
rubbing or running parts. 

The endless platen method has gone out of use unless 
yet practiced by Mr. Blake himself, and present methods 
are by means of carriages mounted on wheels, the axle 
bearings of which can be protected, and by means of 
radius frames that swing from a pivot. This latter is 
applicable to forms of any kind that can be bent to suit 
the curve and thus be ground parallel. 

1 will now proceed to notice some of the conditions of 
gauge grinding by wet stones. . 

First may be mentioned the are in contact. This can- 
not well exceed three-eighths of an inch, even for large 
stones, and where there is a flood of water. This may 
seem a strange proposition, but is the rule adopted by 
Mr. Baker, and is fully confirmed by my own experience. 
It is true that a plane, meeting a circle, presents but a 
point of contact, but even a small film cut away, as the 
work is moved along, presents this amount of contact, 
especially with large stones, and as soon as that area is 
exceeded, water is excluded, the pores of the stone fill 
with metal, the work is heated and either spoiled or 
‘pulled ’”’ out of the machine. 

In a machine I constructed about 1886, using stones 
six to seven feet diameter and twelve inches thick, con- 
suming forty horse power to each stone, we frequently 
threw the pieces out by heating. Plane irons two to 
three inches wide, averaging one-fourth of an inch in 
thickness, would be curled up like a wood shaving, 
turned blue, and fired into a wall like projectiles from a 
gun. 
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As a rule, the narrower the line of contact the better, 
hence the radius carriages that present a curved sur- 
face opposed to that of the stone, work best for thin, 
flexible pieces. 

About the same time, before mentioned, I constructed 
another machine of smaller size for billet web saws, in 
which the pieces were fed through continuously, by 
means of rollers, and found that even with soft stones 
there was continued heating and danger, until a re- 
versely curved bed was placed opposite to the stone so 
as to reduce the are in contact, which in that case could 
not much exceed three-sixteenth of an inch. 

The difficulty in such cases is either the absence of 
water or else the filling of the interstices of the stone. 
It is difficut to tell which; in fact, as before remarked, 
the whole process is a mystery as far as observation can 
go. One has to deal with ‘‘symptoms. 

A second condition is the element of elasticity. What 
this has to do with grinding is by no means clear, but it 
is an essential feature. I mean moderate elasticity, be- 
cause any yielding that would permit a stone to wear out 
of ‘‘truth’’ would spoil all. 

In the large machine first mentioned for grinding 
plane irons, the bed or carriage was eight feet long and 
sixteen inches wide. It was of iron, about four inches 
thick, and with its mounting weighed over a ton. It 
was moved by rack and pinion gearing placed in a room 
separate from the machine, to preserve the machinery 
from grit. The platen received eighty common plane 
irons, laid with steel on one side, and tempered hard. 
The first experiments were discouraging, but it was soon 
found that a pine board one inch thick placed between 
the table and the work prevented difficulty, unless the 
stones were too hard. 
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In most cases the elasticity due to wood framing, or 
tables mounted at the ends only, is enough, but there 
must be elasticity from some source. 

The third condition I will notice is the hardness of 
stones. A hard stone cannot be used at all for gauge 
grinding, and the softer a stone is the better it will work; 
but there is a commercial limit in the case, because soft 
stones soon wear out. The advantages of a soft stone I 
conceive to be in the fact that the rapid wear presents 
continually new and sharp edges; also the water satura- 
tion because of porosity 1s more complete. The function 
of continued waste or wear will be further noticed in 
connection with emery wheels or corundum wheels. 

There are many cases where gauge grinding with stones 
has been attempted and abandoned, after expensive ex- 
periments, because the stones used were too hard or too 
fine. Indeed most of the difficulties that have come 
under notice have been due to this cause. In some cases 
a lack of water has been the cause of failure. It is not 
enough to flood a stone with water, especially one run- 
ning at high speed. The water must be shot in by a jet 
between the stone and the work and distributed all the 
way across the face. The agency of the water is to carry 
off the heat and also to wash out the sand and _ particles 
of metal cut away. 

The principal development of wet stone grinding, 
that is, gauge grinding, has been in the large saw man- 
ufactories and also tool factories. I do not mean hand 
grinding. That issimple enough and calls for no notice, 
but gauge grinding has been the subject of a great 
amount of ingenious effort in these manufactures by 
highly skilled mechanics who have not carried their 
knowledge beyond the works where it was apphed. What 
inventions have arisen in late years I am not able to 
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say, but the conditions before noted must apply to all of 
them, whatever they may be. 

In England a good many cemented or manufactured 
stones or wheels are used for wet grinding. At the 
works of George Richards & Co., Manchester, such 
stones or wheels are used for grinding wrought iron pul- 
leys, and a careful account of expense and time shows 
a saving over natural stones, although the latter are 
much cheaper in first cost. 

The stones employed are at the beginning, about four 
feet in diameter and six inches thick. I am not aware 
of the kind of cementing material used in their manu- 
facture, but it is in a limited degree soluble in water. 


DRY STONE GRINDING. 


Under this head I am not able to give you much in- 
formation. There is but little dry grinding done in this 
country, and so far as known, only on stones brought 
here from England. 

It may have been noticed that the shanks of tools 
brought from England, chisels for example, are ground 
crosswise and are very rough. This is done on small 
stones driven at high speed called ‘‘shank stones.”’ 
They were formerly employed for the same purpose at 
the Barton Wool Works, in Rochester, New York. 

Their operation is apparently the same as that of a 
coarse emery wheel, and the mystery is, that they do 
not ‘‘glaze”’ or fill with metal; but there is some pecu- 
larity in their structure that keeps them clear. [| im- 
agine they would soon fill, if applied to gauge or 
positive grinding. 

A stone, when glazed or filled, ceases cutting or abrad- 
ing, and some kinds, granite, for example, are suitable 
for the bearings of shafts. I have myself seen in sey- 
eral cases in Sweden the main or water wheel shafts of 
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sawmills mounted in granite bearings, and in one case 
had a shaft lifted to examine the surfaces, which were 
polished and had a metallic appearance. 

The tendency to ‘“‘pull” as it is calledin dry grinding 
or in common grinding, when a stone becomes too dry, 
is a phenomenon not easy of explanation. For exam- 
ple, if we have to turn off a grindstone, either in its 
manufacture or to make it true, in use, a hard or sharp 
implement is of no avail. It must, on the contrary, be 
of soft iron or steel and held in a dragging position on 
the face of the stone. A piece of common gas pipe is 
often used for this purpose. 

When the tool takes hold, which it will not do unless 
the conditions are right, it will ‘‘ hang on,” tearing out 
a deep furrow and apparently cling to the stone. Only 
a blunt end is required, and, strange to say, complete 
elasticity is essential. 

For this purpose it is common to use a steel rod, large 
enough to be held in the hands, five-eighth to three-fourth 
inches diameter, but the cutting end is drawn down to 
three-eighth inches square, a slender rod, which bends 
freely when it takes hold of the stone. All this, so far 
as is known, is unexplained phenomena, familiar to 
shop practice as a fact, but a mystery so far as the na- 
ture of the operation is concerned. 

In this same connection, but not to anticipate what is 
to be said of rolling abrasion, I will mention another 
method or trueing or turning stone by means of rolling 
implements, that ‘‘ force off’’ the material by pressure. 

A small beveled wheel with a dull edge is presented to 
the face of the stone in a diagonal position, so as to ro- 
tate slowly with it, and is passed positively across the 
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face, ‘‘spawling”’ off the irregularities, in pieces, at one 


operation. The same operation is the most successful 
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one for shaping stone by machinery, that has ever been 
invented, and will be treated upon in a future place. 

Unless these facts suggest some explanation of why 
stones do not glaze or fill in dry grinding, I have none 
whatever to offer. | 

Dry grinding is not uncommon in England. Razors, 
for one thing, are dry ground, and | believe also many 
other implements of the kind that would be injured or 
destroyed by the heat which would naturally be sup- 
posed to result from that process. 


ABRASIVE CUTTING BY HEAT. 


Under this head not much is to be said. The opera- 
tion consists in applying smooth dises of steel or iron, 
driven at high speed, to pieces to be cut; the heat de- 
veloped by friction being sufficient to melt the metal in 
contact with the wheel, or what is more profitable, soft- 
ening it to a plastic state, so it is rubbed or worn away 
by the wheel. - 

This operation has a place in what may be called the 
romance of processes. Most everyone has heard of it 
and wondered at it, but I imagine no one has ever seen 
any very useful function performed by this means. 

In a tolerably wide observation of manipulative pro- 
cesses in this and some other countries, I have never 
seen this process but once apphed in a manner or under 
circumstances that seemed necessary or economical, and 
that was in the U. S. Armory at Springfield, Mass., 
where it was employed in preparing a tenon, or reduced 
section, on the ends of tempered steel ramrods, such as 
were used in loading the muskets of twenty-five years 
ago. 

The material was hard and could not be cut, so small 
wheels of iron about six inches in diameter and one inch 
thick were used. They were driven at six thousand 
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revolutions per minute and melted or abraded the metal 
away instantly, at the same time drawing the temper so 
that a screw thread could afterwards be cut on the end 
of the tempered rod. 

My own experiments have been confined to cutting off 
small bars of round and square iron by means of discs 
twelve inches diameter of No. 16 gauge plate. The 
operation was slow, unsatisfactory, consumed a great 
deal of power, and left the surfaces with a hard scale 
that afterwards destroyed files or other tools. 

I have also seen railway bars cut off by this method, the 
saws being about four feet in diameter and five-sixteenth 
of an inch thick; but so far as known all these opera- 
tions have been supplanted by cold sawing with regular 
saws, having sharp teeth and cutting the same as a cir- 
cular or band saw does in wood. 

In respect to this last operation of cold sawing iron 
and steel, I will digress enough to say that it is a process 
of great importance, that has been at least ten years in 
making its way to this country. Five years ago there 
was scarcely a large engineering works in England that 
had not among its implements either circular or band- 
sawing machines for metal, and in many cases both. 

Messrs. Cramp & Son, the shipbuilders at Philadel- 
phia, three years ago ordered from England two of these 
cold saws for cutting off deck beams and other bars, and 
one is in use at the Union Iron Works in this city. The 
United States Government, about one year ago, ordered 
from a firm in Leeds, England, a band-sawing machine 
for cutting metal at the Washington Ordnance Works. 
I know of a works in England where there are fifteen 
such machines in constant use. 

The manufacture of cold sawing machines has now 
been definitely commenced in Philadelphia, but it is a 
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tardy beginning, considering their extensive use abroad 
in England, Germany and France five years before. 


ACCURATE GRINDING. 

Grinding is the process of accuracy. | have explained 
how it was the only process of treating hard material, 
from tempered steel to the diamond, but an equally im- 
portant function is the one of accuracy. Considering 
abrasive cutting as one of delicacy or precision, direct 
cutting is in comparison only a ‘‘roughing out” or 
preliminary process. | 

In metal working the operation of cutting has a 
limit of accuracy at one-hundredth part of an inch 
in coarse work and one two-hundreth part in fine 
work. I mean in common turning and planing. In 
grinding, the range of accuracy comes down to the ten- 
thousandth of an inch in common operations, and much 
less in the finer operations. All accurate and all pol- 
ished surfaces are finished by abrasive operations, and 
after this statement it may be perceived how these pro- 
cesses are more important than cutting with edges. 

In the manufacture of gauging implements of pre- 
cision with which I was connected for many years, 
grinding processes opened up a new field. It was at the 
beginning of what may be called the emery wheel pe- 
riod, but involved a great deal more than common 
grinding processes, and agood deal that is never learned 
in any manufacture not involving dimensions within a 
five-thousandth part of an inch. I do not, however, 
propose to go into this matter here, having in view at 
some future time the presentation of a separate paper 
to the Society, on the manufacture of gauging imple- 
ments. The purpose is at this time to explain, or 
comment, upon some of the phenomena that attend on 
accurate grinding by wheels. 
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The manufacture of emery grinding wheels as now 
carried on is not what it should be. A dozen or more 
companies are making and recommending their parti- 
cular wheels as superior to all others, but as to how 
these wheels are cemented or made. there is no knowl- 
edge whatever. As a matter of fact, there are certain 
kinds of cutting material and certain kinds of cement- 
ing material that are best for particular processes, and 
it is certainly time this were a matter of common knowl- 
edge among mechanics and manufacturers. The re- 
quirements demand a very wide range of quality in 
such wheels, and there should be something more re- 
lable to depend upon than the trade secrets and circu- 
lars of makers. 

This matter is illustrated in the attempts at accurate 
grinding before alluded to. Letters were written to the 
various makers of emery wheels, and I believe, without 
exception, each one had “‘ precisely what was needed.” 
The fact was, that no maker in the country knew what 
was required, and scores of wheels were tried and aban- 
doned as soon as tried. 

While these attempts are being made to grind caliper 
and other gauges, Prof. John E. Sweet, of Cornell Un1- 
versity, carne to the works, and as an act of disinterested 
kindness placed at our disposal the knowledge he had 
gained in several years of experiment in accurate grind- 
ing at the laboratory of Sibley College. This informa- 
tion, although valuable and expensive, was discourag- 
ing in the fact that his conclusions were that abrasive 
grinding could not be done without pressure, and with 
pressure accuracy was impossible except as a ‘‘ trial” 
process. 

Let me explain here that trial operations are not ad- 
missible in any organized process for the duplication of 
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work. One may ‘‘cut and try” and thus secure accu- 
rate dimensions, but this is not manufacture, in a com- 
mercial sense, for our time at least, and was not appli- 
cable to standard gauges. Implements so made would 
cost a great deal and would be of no commercial use for 
that reason. In the duplicating system of making 
small arms, for example, if any part is touched by a file 
or any implement that is hand guided, that piece is 
lost. It becomes special. In Geneva, twenty years ago, 
when watches were made by hand and trial fitted, such 
watches could not compete with those made here when 
the rate of wages was ten times as much as in Geneva. 
Trial work is of no use in the accurate fitting of any 
article to be reduced to a manufacture, so that Prof. 
Sweet’s conclusions were discouraging. Thousands of 
dollars worth of gauges and machinery were made and 
lost at the gauge works, until light came from an unex- 
pected source. Jam speaking of twelve years ago. 

Some years previous to that time J. Morton Poole, of 
Wilmington, Del., introduced a system of accurate 
erinding for calender rolls for paper making. These 
rolls, some of them seven feet in length, had to be made 
for rolling tissue paper, which will pile two to four 
thousand to an inch of thickness and variations of one 
ten-thousandth of an inch in diameter or alignment 
would distort the paper as it passed through the rolls. 
Mr. Poole had exhausted the emery wheel market as we 
had done, and ended by advertising here and in Europe 
for samples of emery and corundum. He collecte@such 
samples and established a laboratory for experiment and 
the manufacture of wheels, and, finally, after many 
failures, produced those that would grind without pres- 
sure. 


This was done by cementing the wheels with sub- 
5 
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stances soluble by soda water, using the sharpest corun- 
dum carefully assorted. When the wheels were at work 
a stream of alkaline water was run upon them, so the 
surface was continually but slowly melted away, and 
each time the wheels turned around, so to speak, new 
edges were presented to the work, and when the condi- 
tions were favorable the cutting went on without appre- 
ciable pressure. This was the lacking feature, and 
through his skill and kindness the gauge business suc- 
ceeded. 

Let me explain respecting pressure that the flexure 
and yielding of joints in the most carefully constructed 
machine, even under light pressure, is enough to destroy 
the accuracy of these processes, and also, as flexure is 
accompanied by heat, the distortion from that cause is 
a farther difficulty. The same rule applies in all accu- 
rate abrasive grinding and quite the reverse of what has 
been noted of wet stone grinding. Pressure always 
produces flexure and distortion. The Poole system of 
grinding, which should come next in order here, would 
make this paper too long, and I beg the privilege of 
supplementing it at some future time with a continu- 
ance of these remarks in which rolling abrasion, chilled 
iron sand, and the sand blast will be noticed. 
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SECOND PAPER. 
ABRASIVE PROCESSES IN THE MECHANIC ARTS. 


[Presented July 3, 1891.] 


THE POOLE SYSTEM OF GRINDING CALENDER ROLLS. 


It is with some regret that | am compelled to set up a 
precedent of a paper in two sections, but in the present 
case 1t would have been impossible in a single evening 
to have done more than merely mention the various pro- 
cesses that come under the head of ‘‘ Abrasive Cutting 
in the Mechanic Arts.” 

Before entering upon the subjects treated in the pres- 
ent paper I desire to call your attention to the fact that 
the processes to be described are not only recent and 
distinct inventions, but are also extensively and perma- 
nently applied in the industrial arts. This claim is per- 
haps required to supplement or excuse description so 
compendious as to be imperfect, but it must be remem- 
bered that the best papers presented to a Society like 
this are ‘‘suggestive’’ instead of ‘‘exhaustive.” My 
familiarity with the processes will enable me at the end 
to explain any points not made clear in the body of the 
paper. 

In the former section | attempted to explain what the 
term ‘‘ cutting ”’ includes, as well as the nature of abrasive 
cutting so far as it is familiar, or can be understood, | 
shall therefore in the present case not occupy any time in 
explanation of the general subject, but will proceed to 
describe, as well as possible, one of the strangest pro- 
cesses that can be referred to—one without precedent, so 
far as mechanical literature will show, and one that has 
for twenty years remained confined to one purpose. I 
allude to the invention of J. Morton Poole, of Wilming- 
ton, Delaware, for grinding calender rolls. 
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That it can be made plain I much doubt. John W. 
Nystrom, the well known mechanical engineer, made a 
visit to Messrs. Poole’s Works, in Wilmington, Dela- 
ware, soon after this process was inaugurated there, and 
after half a day spent in observing the machines at 
work, came away without understanding the process. 
On a second visit he ‘‘ caught the idea,” as he expressed 
it, and I have a similar confession to make respecting a 
total inability to comprehend at first the nature of the 
operation, and of a still greater diffculty in communi- 
cating it to others, by words or even drawings. 

This I will now attempt, and at the end mention some 
more facts of an interesting kind connected with the 
process. | | 

In the first place, I will say in respect to what are 
called calender rolls, that for certain purposes—paper- 
making for example—these rolls require an exactness 
scarcely attainable by the ordinary processes. They are 
sometimes seven or even eleven high, and are from five 
to seven feet long. Their accuracy in straightness and 
parallelism, should be within one five-thousandth part 
of an inch in their length or diameter. 

Tissue paper, a common article of manufacture, will 
pile two to three thousand to an inch, and this must be 
uniformly gripped by the rolls as it passes through, and 
I am inclined to think that variations of one five-thou- 
sandth part of an inch would affect, if not destroy the web, 
because its thickness is no measure of a roll’s variation. 
The paper will ‘‘draw’ if it is gripped loosely at any 
part of the width of the web, that is, one portion will 
‘overrun’ another portion, if the grip is not uniform 
across the web; and I leave it to your imagination what 
the exactness of calender rolls must be to deal with 
paper piling two thousand to an inch. Eyen common 
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printing paper, Molesworth’s Pocket-book, for example, 
has five hundred leaves to an inch. | 

A line of light is observable to one five-thousandth 
part of an inch; some claim one ten-thousandth, and yet 
a pile of calender rolls, eleven high, can be so ground 
by the Poole process, as not to show a line of light be- 
tween them. You will wonder what becomes of flexure 
from gravity in such a case, but even that is provided 
for with the greatest exactness; but this I will not at- 
tempt to explain, as it involves apparatus that would 


extend the present paper beyond the limit intended. 
Fig. A. 





Referring to the Diagram A, let A he the roll to be 
ground, Cand D grinding wheels, mounted on a carriage 
or platform #, which weighs a ton or more. F and G 
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are angular ways, on which the carriage # moves par- 
allel to the roll A, which is mounted on its own jour- 
nals at each end in strong stationary bearings, combined 

with the ways F and G. 

' Next suppose H to be a second sliding carriage, moy- 
ing on the ways J and J, and the lower carriage #, 
suspended to the top one by the rods ZL ZL; also sup- 
pose the standards M and N to be adjustable on the car- 
riage #, to and from the roll A, and you will be ready 
to consider the method of operating. 

In the first operation we will consider the lower car- 
riage #. The rolls being turned in what is called a 
‘‘chill lathe,” they are put into the grinding machine, 
and the wheels C and D are advanced to touch on each 
side and traversed from end to end of the roll. These 
wheels are driven at a high velocity and are flooded 
with soda-water. The roll A is also revolved ata slower 
speed, perhaps one hundred revolutions per minute. 

The wheels C and D, being fixed in respect to the plat- 
form /#, become in effect a calipering apparatus, produc- 
ing precise parallelism in the roll A, as the carriage # is 
traversed along on the ways F and G. It is like passing 
the roll through a die. There is no opportunity what- 
ever for irregularity in its diameter, but it will be seen 
that its straightness will depend on the alignment of 
the grinding ways F and G. 

Now it may be thought that this 1s complete, and that 
carefully planed ways will produce true alignment, but 
this is not so. The work produced by a good planing 
machine is true enough for most purposes, but falls far 
short of the requirements here. If an absolutely true 
straight-edge is placed on the ways F/ and G, there would 
not only be a line of light, but deviations through which 
one could pass not only one, but several thicknesses of 
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tissue paper. This process does not produce truth of 
alignment and we now come to that. The roll A, being 
ground to exact diameter from end to end, the main ear- 
riage # is lifted from its ways and is suspended by the 
rods or links Z to the carriage H. These links are on 
knife edges of hardened steel, and so nicely poised is 
the great mass of the carriage # that the slightest pres- 
sure willswing it. The adjustment of the wheels C and 
D is now made with little mallets_of pine wood not 
weighing more than an ounce, poised on spring handles 
so the adjusting screws are struck slight blows, the same 
as a hammer acts on a forte-piano wire. This is neces- 
sary, because to touch the screws by hand would disturb 
the carriage L. 

Now imagine the carriage 4, suspended as described 
and traversing along on the ways J and./, at the top; the 
roll A, revolving at one hundred revolutions per minute 
and the problem of the Poole system is before you. 

What will occur? is the question. The slightest 
amount of crookedness of the roll A, would swing the 
carriage #, from right to left at each revolution of the 
roll, but this is impossible because the mass weighing a 
ton or more cannot be moved one hundred times a min- 
ute from right to left; at the same time its method of 
suspension 1s such that a breath almost will move it if 
‘‘time”’ is allowed: The truth of the ways J and J 
now becomes a matter of indifference because movement 
to the right or left of the carriage Z, to compensate for 
truth in these ways calls for a force so minute as to be un- 
discernible. 

The result is that the traverse alignment of the car- 
riage is controlled by what may be called the axis of ro- 
tation in the roll itself—a kind of theoretical line, so 
perfect that the result is absolute straightness within a 
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ten-thousandth part of an inch in six feet, or evena less 
limit if there were means to prove it. It is a curious 
problem that has to work itself out in one’s concep- 
tion, and I imagine involves in some way the elements 
of what we call gyroscopic action, which I need not 
say has no explanation open to average conception. 

As the mechanical engineers pres- 
ent are no doubt wondering how 
motion can be imparted to the grind- 
ing wheels C and D without disturb- 
ing the carriage #, when it is swing- 
ing free, I have prepared a second 
diagram, B, which explains Mr. 
Poole’s method for this. 

The grinding wheels are driven by 
a true endless band @, passing con- 
tinuously around the pulleys of both 
erinding wheels as shown. O is the 
main driving pulley and P an idle 
one, made of such diameters that all 
four strands of the band are vertical. 
This exerts no disturbing force on 
the carriage so long as the band runs 
true. 


This principle, or, mode of operat- 
4 ing, has not, so far as known, ever 
~ been applied before Mr. Poole’s in- 
vention, and seems to have no function beyond the 
present process. So intricate is it that Mr. Morton 
Poole, the inventor, when he presented his drawings and 
description in Europe was at first laughed at and called 
a ‘‘crank.’’ He, however, as he used to say, got 11 ham- 
mered into a Scotchman’s head at Leith near Edinburgh, 
where a great many rolls have since been made by this 
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process. On the continent he met with better under- 
standing of his mysterious process; in Germany, - at 
least, where there is a large establishment employing 
such machines. 

I had the honor to know J. Morton Poole intimately, 
and from my knowledge of the man and his habits of 
thought, have not the least doubt of his inventing this 
process by inductive and deductive reasoning. He was 
a type of a class of constructing engineers, very few in 
number, invested, as I have sometimes thought, with a 
strange power of discerning the mysteries of forces and 
the means of their direction, by a kind of intuition. 
I am the more impressed with this idea from the fact 
that when he was seventy years old he enabled my son 
and myself to overcome what seemed insuperable im- 
pediments in the manufacture of standard gauging im- 
plements. In ten minutes time he taught us more than 
a year of expensive experiment had brought to lhght. 

When the present method of grinding straight and 
parallel occurred to him, he went to various paper mak- 
ers and proposed that if they would furnish him in ad- 
vance with the capital he required to construct his plant 
of machinery, he would grind and prepare their calender 
rolls for a term of years at a given price, much less than 
was then paid, and would also agree to tests which others, 
grinding by the lap process, would not dare to undertake. 
His proposal was acceded to and he proceeded to carry 
out the scheme by which he not only ground the rolls 
with greater truth than had hitherto been attained, but 
at a cost to him which I imagine was less than one-half of 
what it had been by the ‘‘lap”’ method. He died about 
six years ago, after adding much to what may be called 
the science of manipulation process. 


74 Richards on Abrasive Cutting. 


ROLLING ABRASION. 


I now come to what is the most novel and least known 
among abrasive processes—that of ‘‘rolling abrasion,” 
that is, the disintegration of hard material by means of 
globular particles rolling under pressure. 

This is a new process, in so far as entering into indus- 
trial use, and was the discovery of Messrs. B. C. & R. 
A. Tilghman of Philadelphia, the inventors of the sand 
blast, which will be explained in a future place in this 
paper. The sand blast experiments after they had pro- 
eressed some years, led to what may be called general 
experiments in cutting and abrading obdurate material, 
such as hard steel, glass, granite, and so on. 

The Tilghman Brothers had at Philadelphia an exten- 
sive laboratory, equipped with all kinds of apparatus for 
physical experiments, and in some attempts at cutting or 
abrading hard materials it was soon discovered that the 
ordinary agents, such as sand, corundum, glass and so 
on, had but little effect on tempered steel, glass, granite, 
flint, and the like. They also discovered that while the 
scratching or cutting of such material was slow and 
expensive it could be easily pulverized by means of 
pressure applied on asmall point such as a sphere pre- 
sents when in contact with a plane. 

It will be a little difficult to conceive of a process for 
abrasion that 1s analogous to, or is indeed a counter- 
part of what are called ball-bearings, that run almost with- 
out friction, consequently without abrasion, but there is 
a degree of pressure that must be exceeded before abra- 
sion begins, and ball-bearings will operate up to that 
limit. Beyond that they constitute the most effective 
means known of abrading the surfaces on which the 
balls roll, especially if the latter are hard and inelastic. 
But this matter aside, the discovery of the principle, to 
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so call it, of rolling abrasion, left the Tilghman Broth- 
ers very near where they started, because there was no 
means of making or procuring hard globular particles 
for abrasive cutting. They next set about the problem 
of producing a suitable substance, seleting cast iron, 
which when chilled is as hard, or harder than tempered 
steel. It was found that when cast iron in a melted 
state was divided fine enough to form a sand, or even in 
the form of what we call ‘“‘ shot,” it burnt up instantly 
if exposed to the oxygen of the air; so the first experi- 
ments were made in a sealed room from which oxygen 
was excluded. This was a very difficult and expensive 
matter, because the room had to contain apparatus 
which was wholly inaccessible when in operation. 

After vears of expensive experiment, the Tilghman 
Brothers succeeded in producing the chilled cast iron 
globules, or shot, at a price which enabled the use of the 
material in sawing stone, grinding plate glass and an- 
alogous operations. 

With this material, brownstone, marble or any of the 
softer kinds of stone, using the same machinery, will saw 
four times as fast as with sand by the common process. 
Granite which, previous to this invention, could scarcely 
be sawed at all at a cost commercially practicable, is now 
sawn by the aid of the globules ten times as fast as with 
sand. Not only this, the wear of saw blades is only one- 
fifth as much. More than two hundred and fifty firms 
are now using this material for sawing stone, and if has 
stood the test of nine years in practical use. 

The stains due to corrosion, which at first seemed an 
impediment to the process for sawing white stone, is 
easily avoided by the use of lime in the water. 

I am not privileged to describe the processes of man- 
ufacturing the iron sand or globules, further than to say 
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the metal is disintegrated or torn to pieces by the action 
of high pressure steam. 

The firm at Philadelphia has courteously sent here 
eight samples of this chilled iron sand or shot, which is 
contained in the bottles present, labeled with the grade or 
fineness, the numbers employed being the same as des- 
ignate the grades of emery. 

After the very long and expensive experiments, the 
Tilghman Brothers succeeded in reducing the cost of the 
chilled iron shot to a commercial’ point where it could 
enter profitably into industrial processes, and now has 
reached a surprising cheapness. The price, as before 
said, is, for the finer grades, less than is charged for com- 
mon machine castings here in San Francisco. The 
price of No. 30 to No. 40, delivered free, in one hundred 
pound bags, to railway or steamer, is 4 cents a pound; 
No. 40 to 60 is 33 cents a pound. The coarser grades, 
which are more difficult to produce, are sold at 53 cents 
a pound, and it is safe to suppose the manufacture is not 
likely to be introduced on this coast for a long time to 
come at least.' There-is but little wear in use. The 
consumption per month is only about forty pounds to 
each saw. The shot is washed out of the sludge and is 
used over and over again. 

The fine particles, which, for the smallest numbers 
look like dust, are, nevertheless, well-shaped globules, 
the same as in the coarser sizes. This may be seen 
when they are magnified. Their efficiency depends on 
their rolling, consequently on how nearly spherical they 
are, and this shows the clear line that may be set up be- 
tween abrasion by crystalline or irregularly formed par- 
ticles, ike sand or emery, and the spherical or rolling 
particles. The two are guite distinct in nature, and 
require very different methods. Any silicious substance 
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would be at once crushed by the circumstances under 
which these globules are used, for example, under the 
edges of thin loaded saws in sawing granite. 

As before mentioned, until the discovery of this 
means of cutting granite, that material could only be 
sawn for special purposes, and sawing may be said to 
have been impracticable for any commercial purpose. 
The effect on various other industries has also been very 
marked, plate glass manufacture, for one. 

} think? iv itieetorm Messrs Bo OC. & R.. A: Tilgh- 
man to say here that this is not the only new in- 
dustrial process they have given to the world. The 
distillation of glycerin, fat acids and other products 
of animal matter, by high temperature steam, is 
another of their inventions that has added millions to 
the useful products of this and other countries. This 
invention, made more than thirty years ago, and by 
which glycerin has been produced ever since, was in 
the United State courts for much longer than the life of 
the patents that covered it. The number of trials in the 
Circuit and Supreme courts I am unable to state, but the 
advantages of the invention were largely shared by the 
lawyers; and I am sure it is within bounds to say that 
Messrs. Tilghman spent not less than $100,000 in de- 
fending their invention of this distillation process. 

Resuming the subject of the iron sand or shot, if one of 
these spheres, large or small, is rolled under pressure on a 
surface of glass or any other hard friable material it will 
leave a line of abrasion behind. On glass it will pro- 
duce a white streak similar to, but not so deep, as a com- 
mon score made by a diamond. The hardness of the 
material compared to other substances I am not able to 
state in definite terms, but, as a practical illustration, 
these spheres can be imbedded by pressure into untem- 
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pered steel. In comparing with emery corundum or silic- 
lous substances our mechanical friends can imagine a ball 
of chilled cast iron dropped into the crushing machin- 
ery employed to prepare such crystalline substances and 
the wreck that would follow. The only thing we can 
compare with it is the diamond, and I am not sure that 
the black carbons of commerce, if reduced to the same 
spherical form, would stand more pressure although 
their endurance of wear might be greater. 

I have crowded into these remarks on the chilled iron 
sand or globules, matter that should form the subject of 
a long paper. The attempts to produce the sand, ex- 
tending as they did over half a dozen years, would, of it- 
self, be a narrative of great interest.as well as value to 
the members, and regret that more can not be said of ' 
it now. 


THE SAND BLAST. 


There is perhaps no one present who has not heard 
of the sand blast. It was a distinct discovery in the pro- 
cesses of useful art and of exceeding novelty, which like 
many more had its origin in natural suggestions. 

I will explain that it is an attritious wearing away by 
grains of sand blown forcibly against friable material. 
It is illustrative of the old saying that ‘‘ continuous 
dripping wears a stone,” but is infinitely more effective 
than that. The blows given during a minute’s time may 
be estimated by millions and the wear is so rapid that I 
have seen the jet cut through a mill saw file in a few 
minutes time. 

Gen. B. C. Tilghman and his brother R. A. Tilghman, 
when in company at a seaside watering place, some- 
where near twenty years ago, observed an old bronze 
cannon, the touch-hole of which was enlarged and cut out 
by some action, quite common in such eases. Those 
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among us who can remember the old flint-lock guns 
can call to mind how common it was for the touch- 
holes to become ‘‘cut out” and require bushing. The 
cannon in question was an example of such cutting, and 
Messrs. Tilghman, after assuming a supposed number of 
times the gun had been fired, and aggregating the 
moments of time occupied in firing, or of tension, on the 
gun, saw that the flow of gases alone, during this incon- 
siderable period, could have no appreciable effect on the 
metal, and they straightway set about investigating anal- 
ogous action in other cases. 

Another and more direct example of the abrasive 
action of granular material impinging on hard surfaces, 
appeared in the depolishing of the glass in the cottages 
along the seashore where drift sand was carried in the 
air, serving in some cases to render the glass useless in so 
far as seeing through it. 

Just at the time of writing this, Mr. F. T. Newbery, 
civil engineer, of this city, informed me that while en- 
gaged on the lines of the Southern Pacific Company 
through the deserts of Arizona and New Mexico, had to 
guard the lens in his instruments from the action of the 
sand in the air when working to windward, which, 
aside from Messrs. Tilghmans’ observations, is the only 
notice of the matter | have met with. 

After noting the circumstances referred to, Messrs. 
Tilghman returned to Philadelphia and at their labora- 
tory began blowing jets of sand by means of a fan 
against glass, and by the results attained were induced 
to construct machinery for depolishing large panes 
or sheets of glass for commercial uses. 

An early use of the sand blast was in cutting or figur- 
ing marble for decorative uses, first polishing the sur- 
faces in the usual manner and then sinking with the 
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sand blast various figures or letters by means of stencils. 
One of the first applications of the sand blast, and a 
very important one, was in cutting the names on thou- 
sands of marble head stones for the National Soldiers’ 
Cemetery at Arlington Heights, Virginia, opposite 
Washington. The contractor for these stones availed 
himself of the new process, and I have been informed, 
made a great deal of profit by this new and unexpected 
method of carving marble. 

For cutting on marble, high pressure steam was em- 
ployed; for ornamenting and depolishing glass, air cur- 
rents were found best. These were produced by fans, 
and one impediment was, that the sand which was then 
carried through the fans soon cut holes in the casing or 
shells. After a time’ the machinery was modified so 
that nothing but the dust or fine sand in suspension 
passed through the fans, but at the present time air is 
not employed at all, the work being done by steam. 

The objection to steam as a vehicle for the sand was 
the moisture and heat, but a simple discovery of Mr. 
Mathewson, the manager of the Tilghman Sand Blast 
Company at Sheffield, England, did away with both heat 
and moisture, and otherwise much simplified the working 
and cost of sand-blast plants. This simple invention 
consists in introducing a weak counter current of air 
to meet the steam and sand just before they reached the 
object acted upon. This stops the steam, but the 
greater weight of the sand permits that to go on and 
complete its work without appreciable retardation. The 
sand being hot and exposed to the counter current of 
cool air falls down dry as soon as it strikes the object 
being cut, and is immediately ready for use again. 
The evolution of this process or sand-blast required 
nearly one patent term of seventeen years, but this later 
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discovery has given the inventors a new term in which 
to gain some fair returns for their long labors and 
losses in developing the sand blast. 

It is a strange matter that notwithstanding our 
boasted progress, the sand-blast, so far as I know, has 
made but little progress in this country. The company 
in Sheffield, before mentioned, use at least two hundred 
horse power of steam in their operations, and the ap- 
plication elsewhere in Europe is extensive, but in the 
United States, for some reason people have not availed 
themselves of it as they might have done for various 
purposes. | 

The main operations carried on at Sheffield is that of 
recutting files—not recutting old files, although some of 
that is done, too, but recutting new files, to improve 
them, and here comes in another important discovery 
in this process. At,.some place in New England, 
where a sand blast machine was employed, an attempt 
was made to clean a dirty file by holding it in the 
jet. The file was, of course, cleaned at once, but the 
effect was something more. The file, although a worn 
one, had all the characteristics of a new one, which, as 
all mechanics know, is a very noticeable change. Other 
files were treated in the same manner with a similar 
result, and the discoverer proceeded to patent the pro- 
cess in this country, assigning the invention to Messrs. 
Tilghman for European countries. 

Then began another round of experiments to deter- 
mine the precise nature of the effect produced. | The ex- 
periments extended to giving a certain number of uni- 
form strokes with files and weighing the metal cut 
away. New files and old ones were treated, until the 
precise nature of the effect was learned. 

Every one knows how files are cut with chisels that 
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raise up shavings or teeth. These are of curved form 
and with a thin edge that soon crumbles or breaks, unless 
the cutting is skillfully done and the steel of good quality. 
When treated by the sand blast the files are held at an 
angle, so the sand impinges on the back of the teeth, cut- 
ting away the thin edge, but not affecting the face, so the 
teeth become strong cutters, without the thin curled 
edge left by the chisels in cutting. The operation is very 
rapid, requiring but a few seconds, and the value of 
the files is much increased, so much so, that a great 
many of the files made in Sheffield and on the Conti- 
nent are treated in this manner. Sand, in the common 
sense, is not used in this process, but a mixture of sandy 
clay and water, thin enough to be circulated by pumps. 
This mixture of clay water, it may be called, is drawn 
in by induction nozzles and discharged through a thin 
slit made in chilled cast iron tips that wear away very 
rapidly. 

It is a strange thing to stand in this factory—look 
about and see a process that had no existence twenty 
years ago. 

I think it will be permissible after the description I 
have attempted the last two processes, to add a few more 
words respecting the inventors. After an acquaintance 
extending to several countries and covering a long period 
of years, | have never known any person so thoroughly 
acquainted with what we call technology, as Messrs. B. 
C.and R. A. Tilghman. They are much better known 
in Kurope than in this country and not known any- 
where except by their ‘‘ works.” Their contributions to 
the industrial arts has been extensive not only in the 
processes described, but in many others of less import- 
ance, or that are less known. They are also patient in- 
vestigators in that field which our friends of the Acad- 
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emy here call ‘‘pure science;”’ tracing phenomena 
to their only useful end, which is their application to 
practical purposes. 

In conclusion, J am compelled to admit that the sub- 
ject of abrasive processes, although treated as compendi- 
ously as possible, is by no means complete in the two pa- 
pers presented. Little or nothing has been said of exact 
processes, which form an important branch of the sub- 
ject, and one I may have the pleasure of presenting be- 
fore the Society at some future time. 
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THE NICARAGUA CANAL AND ITS RELATION TO 
THE FUTURE TRADE OF THE PACIFIC COAST. 


An address delivered before the Society June 19, 1891, by Commander 
H. C. Taytor, U.S. Navy. 


It may be supposed that your Society is especially in- 
terested in those technical questions which have a dis- 
tinct bearing upon the Pacific Coast of the United States, 
and I may assume that the privilege you accord me to- 
night of addr&sing you on the subject of the Nicaragua 
Canal, is due to the fact that you recognize in that en- 
terprise, when completed, an influence which will be felt 
upon the development of this western slope of the Amer1- 
can continent. 

I am sure you are correct in this belief, and that this 
enterprise will have consequences of large importance in 
the development of your industries and in your foreign 
commerce. | 

Thoughtful men have looked upon it for some years, 
amid the confusion of many suggested plans to recreate 
an American shipping, as the one certain and solid way 
out of the lamentable position our country now occupies 
upon the ocean. In a Nicaragua Canal our wisest states- 
men have felt one well grounded hope for a new 
birth of the United States foreign commerce and car- 
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rying trade. With that noble waterway completed, we will 
have an American coastwise commerce of untold powers 
of expansion, carried on in the largest of sea-going ships 
and most stately of ocean steamships. Thus will be 
solved at once, without legislation, the great problem of 
American shipping. | 

In this the whole country is interested—the East, the 
West, the Gulf States—all see in it the salvation of our 
foreign trade and of the industries dependent there- 
on; but how much more should be the interest of 
. the’ “Paeific Coast in that enterprise, which will 
give to them in addition the control of the trade of the 
Pacific. San Francisco will be the terminus of the 
shipping lines from England, western Europe and our 
Atlantic Coast, and from here will go forth a continuous 
stream of cargo steamers, passing by way of the more 
northern ports and the Aleutian Islands to Hakodadi, 
Yokohama and those rich countries of Corea and the 
Amoor Valley, which await for their development noth- 
ing more than the outstretched hand of their maritime 
and commercial neighbor, the Pacific Coast of the United 
States. 

The future of the Nicaragua Canal being thus so closely 
connected with the future of California, I shall not hesi- 
tate to describe before your distinguished Society some 
facts as to this canal, and some of the ideas which have 
clustered about the American Isthmus in the minds of 
thinking men for several centuries. 

The intervening continent which blocked the path to 
the Indies for Columbus and his successors, was to them 
- a serious disappointment—to them it was an obstacle. 
Centuries passed before the sailors and the merchants of 
the world became contented with the new geography— 
not, indeed, until the interrupting lands, peopled with 
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an active race, gave signs of becoming, themselves, a 
goal to be reached, of an importance equal to that of the 
Indies and far Cathay. 

But again the old discontent grew, for the Pacific 
coasts of the ancient obstacle rose before the commercial 
eye, and their busy people throve and multiplied, and 
became buyers and sellers, shippers and receivers, and 
though the way had been long around Good Hope to the 
Indies, it was still lonyer around Cape Horn, to these 
western shores of America. 

To-day, this discontent of commerce and shipping 
has so increased that we may truthfully say ‘‘ through 
the old obstacle there must be cut acommunicating way 
between the oceans, and this must be done now.” 

Hardly had Nunez de Balboa’s first glance from the 
hills of the Isthmus rested upon the broad expanse of 
the Pacific, when the world immediately concluded that 
as so narrow aneck of land separated the two great 
oceans, throughout a length of nearly a thousand miles, 
nature must have provided somewhere in that extent a 
communicating waterway. For two centuries this prob- 
lem was regarded as still unsolved. ‘‘ The Secret of the 
Strait”? occupied Christendom then as does the discovery 
of the North Pole now. Spaniards, Portuguese, French, 
Dutch and English sought diligently, from the Rio de la 
Plata, in South America, to the St. Lawrence River in 
North America, for this much desired channel. The 
search, as we know, was in vain, but before entire con- 
viction came there were already projects being discussed 
for supplementing nature’s defect by the work of man. 

From the days of Columbus to the present time, al- 
most all men of distinction whose attention has been 
drawn to the American Isthmus, have urged, at one 
point or another, an inter-Oceanic Canal. Cortez, 
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Saavedra, De Soto, among the earlier; Guizot, President 
Adams and Louis Napoleon, among the latter, are the 
more prominent names which occur to me now. 

We pass by, with brief notice, earlier dreams and 
aspirations, and note that the Prince Louis Napoleon, 
while yet a prisoner in the Fortress of Ham, had given 
his approval to an enterprise which was to have been 
established under his name, and to be known as the 
Canal Napoleon de Nicaragua. Time will not permit 
my reciting to you his eloquent words, published in one 
of the reviews of that day, as to the great commercial 
and political importance of the strip of land which sepa- 
rates Lake Nicaragua from the Pacific Ocean. _ 

It was shortly after the abandonment of the project 
by Napoleon, dazzled by the glitter of a possible crown, 
that the first organized attempt was made. In_ 1849 
some American gentlemen formed a company known as 
the Atlantic and Pacific Ship Canal Co., and under con- 
cessions from Nicaragua, began actual work on a Canal. 

The financial world was not ready for it—the enter- 
prise was ‘transformed into a transit company, which, 
after some years of carrying passengers and freight 
from one ocean to the other, by way of Lake Nicaragua 
and the River San Juan, presently faded away. | 

The interest in this line for a Canal continued, how- 
ever, and was about to show some result when two other 
routes were proposed—that of a ship canal through the 
Isthmus of Panama, backed by the energy and former 
success of De Lesseps—and a ship railway across the 
Isthmus of Tehuantepec, in Mexico, promoted by an 
American Engineer, Captain Eades. So strong was the 
personality of these two men that the Nicaragua route 
was compelled to remain quiescent, until time and ex- 
perience should balance these gentlemen’s popularity 
and persuasive eloquence. | 
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The death of Captain Eades, a few years ago, removed 

the Tehuantepec Ship Railway project as a competitor, 
nor has it since reappeared with any semblance of suc- 
cess. , 
This idea of carrying ships across the Isthmus upon 
a railway, was adopted after careful surveys had proved 
the impracticability at that point of a canal for sea-go- 
ing ships. The idea itself was not new—records exist 
of Grecian triremes being dragged across the Corinthian 
Isthmus upon rough cradles, rolling or sliding upon a 
stone pathway specially prepared. Decided advantages 
were also gained in the wars between the States of 
Northern Italy, by transporting a squadron of vessels 
across a somewhat difficult country and launching them. 
upon the Como and Maggiore system of Lakes. But’ 
Captain Eades proposed at Tehuantepec to take the 
largest ships with the heaviest cargoes and transport 
from sea to sea these immense burdens, supported by 
hydraulic cradles, traveling upon a three-tracked em- 
bankment. The shores which were to support the ship 
were portions of a hydraulic system, whose pistons rested 
upon a bed or mattress of water, and by this means all 
local inequalities of pressure or support upon the ship’s 
hull would be eliminated. Large working models of 
the docks, cradles and railroad were exhibited in Europe 
and America. The details were, in many cases, orig- 
inal, and the infatuation of the present age for ingenious 
mechanisms has reached sucha point that many people 
became thoroughly wedded to this project before even’ 
inquiring whether there might not be simpler methods 
which would not require this costly and complicated 
machinery. 

As to a Panama Canal, time and experience have fully 
shown to the world the unfortunate mistake of M. de 
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Lesseps, in attempting a ship canal at the level of the 
sea, at Panama. Work has been for some time sus- 
pended upon the Panama Canal. The enterprise owes 
$420,000,000, and its assets will not, it is believed, 
amount to $20,000,000. 

_A great failure deserves notice next only to a great 
success, and the magnitude of this unparalleled financial 
disaster at Panama calls for some explanation and de- 
scription. | 

In 1879 a small group of French gentlemen, who had 

obtained a concession from the Colombian Government 
to build a canal anywhere through its territories, but 
whose. brief superficial examination of the Tahini of 
-Panama had given them practically no data on which 
‘to determine the best engineering route for a canal, 
‘persuaded M. de Lesseps, by means of which we will 
_ always be ignorant, to place himself at the head of their 
enterprise, to form a company, to purchase their con- 
eession from them, and to undertake the construction 
of a Panama Canal (at the level of the sea). M. de Les- 
seps thereupon caused to be called together, in Paris, 
_representatives of the maritime countries of the world, 
to attend an International Canal Congress to decide 
upon the location of the Canal, and upon the general 
features of its construction. © 

This Congress, after some deineow, decided by a 
large majority upon the Panama route, as proposed by 
de Lesseps. The Congress was warned, on the part of 
England, by the eminent engineer Sir John Hawkshawe, 
and on the part of the United States by Admiral Am- 
men, that such a canal was imprac ticable—that it could 
not be constructed, and, if constructed, could not be 
conserved for the use of shipping. The hilly country, 
the raging course of the Chagres River, the torrential 
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rains and the pestilential climate forbade the hope of 
success. To these remonstrances de Lesseps, flushed 
with the success of Suez, and impatient of contradiction, 
would give no heed, and the French people—loyal to 
him, and proud of his well-deserved reputation—swarmed 
about his offices and liberally subscribed to this new 
project of the great promotor. { 

The results are known to you. The newspapers of the 
day, everywhere ‘except in France, have kept careful 
record of the various steps in this unfortunate enter- 
prise. } 

Until 1887, de Lesseps clung to the idea of a sea-level 
canal. This was, indeed, almost a necessity, for he had 
often given public utterance to his opinion. that Nic- 
aragua was by far the best point for a canal with locks, 
but that he proposed to build a sea-level canal. In that 
year, however, after enormous expenditures of men and 
money, he was compelled to. change his plans to a lock 
canal at Panama. Though the situation was very un- 
favorable for a lock canal there, 1t was not absolutely 
impracticable as was a sea-level canal, and might have 
been constructed had he changed his plan earlier, be- 
fore so much money had been spent. 

It was, however, too late; and after raising, at ruinous 
discount, some further sums, he was obliged to discon- 
tinue the work for lack of funds. There seems to be no 
hope of a revival of this project in the minds of those 
best informed in the commercial world: Lately, news 
has been received that the concession has been renewed 
and more time given to the Canal Company to complete 
the work; but Colombia has not granted this without 
exacting heavy compensation, and the company has, 
besides, the task before it of raising money upon an en- 
terprise practically dead. We need not dwell upon the 
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sad picture of this heroic old gentleman sinking under 
the burden of so terrible a reverse. De Lesseps has 
done great service to France and the world, and has 
made only one mistake—but this, a gigantic one. 

Let me ask your attention, now, to what seems to 
promise happier results—the Nicaragua Canal. 

The great mountain system of North and South 
America, stretching from the Arctic Ocean to Cape 
Horn, sinks to its lowest point in the Republic of Nica- 
ragua, producing thus a comparative depression unique 
in character. This depression or basin is occupied by 
the waters of Lake Nicaragua, a fresh water, inland 
sea, 100 miles in length by 50 in breadth, and with 
general depths varying from 50 to 100 feet. The west- 
ern shore of this lake is only 13 miles from-the surf of 
the Pacific Ocean, and the intervening neck of land, on 
the route selected for the Canal, has a maximum eleva- 
tion of only 40 feet above the lake. The elevation of 
the lake is 110 feet above the ocean, and the dividing 
ridge 150 feet above the ocean. 

Although this great sheet of water is so close to the 
Pacific side, its waters drain to the eastward, by way of 
the River San Juan, into the Caribbean Sea, a distance 
of about 120 miles. The river is navigable, to some ex- 
tent; a steamer drawing six feet of water has ascended 
from the ocean to the lake, in the last few years, 
although being delayed somewhat in getting up the 
rapids. j 

These facts will indicate to you how much nature has 
already done toward a Canal, by this route, and a closer 
investigation develops many other features most favor- 
able, in an engineering point of view. This lake, 
being a great reservoir, is but little influenced. by the 
rainfall, and the same is, of course, true of the upper 
portion of the river which is its outlet. 
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The main features of the Canal now being constructed 
are the following: The lake and upper river will be the 
summit level of the Canal; there will be a cut through 
the neck of land between the lake and the Pacific, the 
greatest depth of this excavation being 40 feet to the 
water surface, and the Canal quickly emerging upon the 
western slope of this neck of land, will reach the 
Pacific through the valley of a small stream which flows 
into that ocean, descending to the sea level by means 
of three locks. | 

Going eastward from the lake toward the Caribbean 
Sea, the San Juan river will be followed for a distance 
of 64 miles from the lake, at which point the river will 
be dammed to such a height as will back its waters to 
the lake, raising the level of the lake to a uniform 
height of 110 feet above the level of the sea, and thus 
deepening the water in the upper river to such a degree 
that but little dredging will be needed throughout the 
64 miles. | ) 

The upper river, being of the same general character 
as: the lake, is not subject to violent freshets. The 
lower portion, receiving some large tributaries from the 
neighboring mountains, possesses a different and more 
unstable character. For this reason the line of the 
Canal leaves the river at this dam 64 miles from the 
lake, and pursues a straight course across country to the 
Caribbean Sea at Greytown, making use of some con- 
venient interior valleys by means of dams at their out- 
lets, and thus continuing the summit level until it 
emerges from a confining range of hills, and looks down 
upon the 18 miles of flat and marshy land, between the 
hills and the coast. Here, upon the eastern slope of 
these hills, the Canal descends by three locks, to the level 
of sea, and continues its course by dredging to the harbor 
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of Greytown. The total distance from ocean to ocean, 
by this route, is 169 miles, of which 27 miles will be ex- 
cavated Canal, and 142 miles free navigation in Lake 
Nicaragua, the river San Juan and basins in the valley 
of the smaller streams. 

To describe it more in detail, beginning at the Atlantie 
or Caribbean side, the Canal starts from Greytown Har- 
bor by dredging nine miles to Lock No. 1, in the valley 
of a small stream, the Deseado. Lock No. 1 has a lift 
of thirty feet. The dimensions of all the Locks are 
uniform, namely, 650 feet long by 70 feet wide and 30 
feet deep. 

From lock No. 1 to lock No. 2, 14 miles, the Canal 
occupies this valley, which is flooded by the construction 
of embankments, and thus reduces the amount of dredg- 
ing to be done. Lock No. 2 has a lift of 31 feet. Lock 
No. 2 to Lock No. 3, two miles, continues in the valley of 
the Deseado, which is flooded by dams and embank- 
ments, but slight excavation being necessary. Lock 
No. 3 has a lift of 45 feet. This brings us to the sum- 
mit level of the Canal. For 25 miles beyond this Lock, 
the same system of embankments avoids the necessity 
of any excavation, the flooding of the valley producing 
depths of from 30 to 70 feet. The Canal then enters a 
rock cutting in the eastern divide, 3 miles long, and of 
an average depth throughout these 3 miles of 110 feet. 
This cutting contains 21 per cent. of the total excava- 
‘tion needed for the whole Canal. Emerging from this 
cut the Canal line enters the basin of the Cafion (valley) 
San Francisco. Dams and embankments are used to 
impound the water of this stream, and’to form a long 
and narrow lake, whose length is in the direction of the 
Canal line. 

Passing thus through the San Francisco and adjacent 
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valleys, the Canal-enters the River San Juan just above 
the dam in that river, at a distance of 124 miles from the 
eastern divide cut. The Canal line then proceeds from 
the dam in the RiverSan Juan, up to the Lake, a dis- 
tance of 645 miles, then across the Lake Nicaragua, a 
distance of 564 miles. From the Lake to the Pacific, 
the distance by the Canal is 17 miles, of which 113 
miles is in excavation, and 53 through a basin in the 
valley of the small streams Rio Grande and Rio Tola. ~ 

The dimensions of the Canal now under construction 
are such as to accommodate not less than 11,000. vessels 
with a net tonnage of 20,000,000 tons a year. Its 
width throughout most of its length is 120 feet at bot- 
tom, 210 feet at the top, but in the eastern divide, the 
prism is reduced in area, the width being 80 feet at top 
and bottom. This contraction in width extends for 3 
miles. The same dimensions occur in the western di- 
vide cut, between the Lake and the Pacific, for a distance 
of 5 miles. 

The estimated time of transit is as follows, by steamer: 


26.030 miles of Canal, at five miles an hour...... 5.12 
21.619 miles in the basins, at seven miles an hour. 3.05 
64.540 miles in River San Juan, at eight miles an 


HOUT Meee... os SERRE eee fet ae gree aera 8.04 
56.500 miles in Lake Nicaragua, at ten milesan hour 5.39 
Gloekages, at45 minutes:eachw42 a..).0: eo. tae 4.50 
Allow for detentions in narrow cuts...) .... 0.1522. 1.30 

Votalgiime ‘ol transit pope ees ee Pe. 28.00 


Allowing 45 minutes for a vessel to pass a lock, the 
number per day will be 32, or in one year 11,680—or an 
average tonnage of 2,000 tons, will give 23,360,000 tons 
per year. 2 | 

The water power at hand, ready for use throughout 
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the length of the Canal, makes its illumination by elec- 
tricity quite inexpensive, and this estimate of the capac- 
ity of the Canal is, therefore, calculated for work through 
day and night. 

The water supply is abundant—the Lake alone, with- 
out any of the streams flowing into the river, provides a 
daily supply of 1,000,000,000 cubic feet in excess of the 
needs of the locks. Leakage and evaporation have been 
considered in this calculation. 

Of the two terminal harbors, Greytown on the Atlan- 
tic side has been, in its time, an excellent harbor, but 
its mouth has been closed by a sand bar, caused by the 
sand in the vicinity drifting across the entrance. A 
pier or jetty has been built lately, into the sea, at right 
angles to the shore on the windward side of the old en- 
trance to prevent this drifting of the sand, and has 
already caused the harbor to open, permitting the Com- 
pany’s dredges to pass in and out; and the entrance thus 
sheltered is becoming deeper every day. Dredging is 
being carried on to assist the forces of nature. Brito, 
the point on the Pacific Coast, where the entrance to the 
Canal is to be, has no harbor, and the deep water on that 
coast prevents long break-waters. But Brito is situated 
at the mouth of a broad, alluvial valley which can be 
dredged from the beach inland to any distance required 
for the needs of a terminal harbor. These needs, as 
will be observed at Port Said in the Suez Canal, are not 
extensive as far as area goes. 

The calculations which have been made as to the 
traffic using this Canal, when constructed, have not 
been permitted to include any of the larger prospective 
increase, which may be counted upon with reasonable 
certainty, as a result of the existence of this waterway. 
It has been thought better to estimate only for that 
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trafhe which will be already existing and ready to use 
such a Canal as soon as it shall be open. Leaving out, 
then, the extraordinary estimates made for the Panama 
Canal traffic, and considering only the actual statistics, 
we find the vessels ready to use the Canal now amount- 
ing to about 6,000,000 of tons, and at the present rate 
of increase there would be in 1897 about 8,000,000 of 
tons annually. 

Putting the tolls at two dollars per ton, we should 
have receipts of $16,000,000 or, allowing liberally for 
operating expenses, a net revenue of $15,000,000, or 
five per cent. upon $300,000,000. 

The cost of the construction of this great work has 
been carefully estimated, and liberal allowances made 
for all possible contingencies. The figures of these esti- 
mates are not essential in this description, but I may 
say that the result is quite satisfactory to those engaged 
in the work. 

Let us consider now the effect of a finished Nicaragua 
Canal upon the commerce of the Pacific and the World. 
And first let us say that this Canal will join two worlds 
of commerce; the one being composed of those coun- 
tries and peoples which front upon the Atlantic, and 
upon its tributary seas, gulfs and rivers; the other, 
those nations whose coasts form the shores of the Pacific. 

Of Suez it may be said that its principal office is to 
connect two sections of a trade world, not two distinct, 
ever sundered, commercial world spaces. Those sec- 
tions were not strangers in trade to each other before 
Suez was opened; since the dawn of history slow lengths 
of innumerable caravans toiling through sandy deserts 
have incessantly deployed upon the shores of the East- 
ern Mediterranean bringing the rare and costly pro- 
ducts of Persia and India to the ships of Phenicia, of 
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Greece, of Rome and later to those of Venice, Genoa, 
Spain and England. The Suez Canal did not create a 
new trade—it improved and increased a trade already 
existing between sections, and only between sections. I 
will not be suspected in saying this of trying to be- 
little that great and noble work, whose usefulness to 
mankind cannot be over estimated. 

The Nicaragua Canal, on the contrary, will connect 
two areas of commerce hitherto without connection and 
quite independent of each other—each with its own 
trade channels and currents circling and eddying in 
response to the various and changing demands of mer- 
chandise and the needs of its transportation. It is true 
that the Atlantic system reaches in some degree to 
Australia, China and Japan, and that fish and lumber, 
and some Chilean and Peruvian products pass in limited 
quantities around Cape Horn to New York and Europe; 
but the intervening distances are too great to produce any- 
thing hke a union or joining of the trade systems of 
the Atlantic and Pacific. 

They are distinct and separate, and will so remain 
unless joined by a waterway through the American 
Isthmus. This done we should with reason expect a 
gradual mingling of the elements and factors of trans- 
portation, and, as the new necessities were felt and the 
new conveniences realized, there would gradually be 
effected changes of great importance to the commerce 
of the world—far more so than the changes which Suez 
effected as between the Atlantic and Indian Oceans. 
More remarkable still, however, in my belief, will be the 
great increase of trade; the creation of new productive- 
ness in many fields hitherto unworked resulting from 
the completion of the Canal and the consequent open- 

7 


98 Taylor on Nicaragua Canal. 


ing of convenient markets and active demands for vari- 
ous commodities produced. 

Nothing in history seems to have been more regular 
than the movement from east to west of the trade cen- 
ters of the world. Our earliest glimpses of ancient 
times show a busy interchanges of commodities about 
Northern India, Persia and the adjacent seas. Later, 
these activities transferred themselves to Phoenicia, 
Egypt and the other countries of the Eastern Levant. 
Again Rome and Carthage, still more to the west, strug- 
gled for commercial ascendency in the Mediterranean. 
Still later—though after long interruptions—Venice and 
Genoa yielded to Spain and Portugal the hold of the 
seas, and these, very quickly, to northwestern Europe 
and finally to England. There, in England, has re- 
mained for several centuries the central power of sea 
trading—a notable and worthy resultant of the great 
maritime qualities which she holds and America holds 
as a heritage from the ancient nations of the north. 

Judging of the future in the light of the past, and 
observing the rapid growth of an energetic and in- 
dustrious race on the other side of the Atlantic, we 
should naturally look to see, in time to come, some con- 
tinuation of this westerly transference of the world’s 
trade centers. If I am correct, and such be the ten- 
dency, the opening of a Nicaragua Canal would have a 
marked influence upon such a movement. 

Where this influence would center, we cannot tell— 
around what particular point would group themselves 
these future commercial forces, it is impossible to say. 
It may be that the prophecy of the Prince Louis Napo- 
leon will be verified and a great metropolis grow up at 
the Canal itself, having the importance in our modern 
world that Constantinople, from its similarly admirable 
possession, possessed in ancient times. 
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However this may be, the Canal possesses a great in- 
terest in its bearing upon this tendency of the world’s 
commercial center to shift gradually from east to west. 
It is not only that the Canal will aid commerce—that it 
will connect two oceans—but that a large proportion of 
the world’s merchandise that has hitherto, in all ages 
gone from east to west, will now go from west to east. 
Not only will the circulation of such traffic be quickened 
and its volume increased, but its direction will be re- 
versed through all the veins and arteries of trade. 

The time at my disposal permits me only to touch 
upon many points which deserve thorough discussion, 
but I shall be well satisfied if this slight consideration 
of the subject should draw the attention of some of the 
able minds of this distinguished Society to the approach- 
ing change in commercial conditions due to a Nicaragua 
Canal. 

Five years must elapse before the Canal is open, 
but that period can be well devoted to a thorough 
study of the future commercial situation and to such 
preparation as will enable California and the other 
Pacific States to avail themselves of the advantages to 
be then provided. | 

Permit me to indicate very briefly a few of these 
advantages, and first let me ask you to rid your minds 
of any lingering error as to the shortest routes across the 
North Pacific Ocean. 

If there be uny among us who believe that the shortest 
distance between the Mexican Coast and the Chinese 
Coast is on an east and west line, passing through or 
near the Sandwich Islands, let them disabuse their 
minds of this belief, for it is a fallacy. A very popular 
fallacy but one very obstructive to a correct judgment of 
these questions. The shortest distance between those 
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coasts, the Chinese and the Mexican, is on a great circle 
of the earth, and such a great circle passes from Hong- 
kong and Amoy, northward through Japan, close to 
the Aleutian Islands, 1200 miles north of the Sandwich 
Islands, within a day’s run of San Francisco, and will 
touch the Southern part of Lower California. 

This great circle route is several hundred miles shorter 
than that route which follows the east and west line 
and passes through the Sandwich Islands. 

I wish to emphasize this fact, for much depends upon 
it—much of vital interest to the future of San Francisco, 
Portland and Los Angeles, in fact to the whole Pacific 
Coast line of the United States. | 

I do not doubt that to the well-trained intellects of 
this Society, these truths have long been apparent, but 
it would be well that they should impress upon others 
outside of their membership the exact facts of the case ; 
for statements have been lately made—nay, published 
and widely circulated—that the shortest route from 
China and Japan to Nicaragua lies far to the south, 
and that if a Nicaragua Canal were opened, shipping 
would cross the Pacific within the tropics, and San 
Francisco be left shippingless, tradeless, and with 
the grass growing in her streets. It is when ignorance 
such as this stalks abroad, that the great benefit of a 
Technical Society to the community becomes apparent. 
It is when ignorance perverts the truth (unintentionally 
doubtless, but nevertheless injuriously) and in so doing 
endangers the future of a great city, and retards its 
development, that the real usefulness of a group of able 
and scientific minds is most appreciated by their towns- 
men, and by all the business interests involved. 

It is interesting to notice that in following the great 
circle route from Japan, a ship may enter San Francisco 


Taylor on Nicarugua Canal. 101 


and then continue her voyage down the coast of America 

_ to Nicaragua, and will then have traversed a total distance 
several hundred miles less than the route by way of the 

Sandwich Islands. | 

The distance via Honolulu, which appears on the or- 
dinary maps and charts to be much the shorter, is in 
reality several hundred miles longer. 

I need not dwell upon the cause of this apparent dis- 
crepancy. | | 

Mercator’s method of projection, though convenient 
in many ways, has, as the Society knows, the fault of dis- 
torting the higher latitudes, thus producing such errors 
as I have mentioned. To compare intelligently the dis- 
tances covered by different routes, a projection is needed 
which will exhibit the great circles of the earth as straight 
lines. Such is the Gnomonic Projection, of which I 
have here a chart, and whose principles are doubtless 
known to you all. I have referred to this projection 
because of its close connection with the study of 
Trans-Pacific routes. 

There are other reasons why the northern route along: 
the Pacific Coast must be chosen. The freight trade of 
the future will be largely carried in cargo steamers, and 
for such steamers a necessary condition of success and 
profit is, that they shall not have too much of their 
cargo space occupied by their coal supply. In other 
words, they must carry little coal, and hence take coal 
oftener. For this reason, numerous coaling stations on 
their trade routes are an imperative necessity. 

Now, upon or near the great circle route convenient 
coal ports exist or can be created without difficulty or 
undue expense; indeed one only need be created, the 
rest already exist. That one would be in the Aleutian 
Islands at a point which would divide into 2,000 mile 
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trips the 4,000 miles between Japan and San Francisco. 
Near the Aleutian Islands has been lately discovered one 
of the great fishing regions of the world, and there is 
little reason to doubt that ships carrying coal to that lo- 
cality would soon find return cargoes of the dried and 
salt fish, which is an industry soon to be developed there. 

Vessels would, therefore, coal at Hakodadi, then at. 
one of the Aleutian Islands, nextat San Francisco, Aca- 
pulco, and so to the Canal. 

We should also note here that on a great trade route 
the stopping places for coal should also be ports possess- 
ing some trade, in order that an interchange of products 
along the whole line may ensure still greater profits to 
the carrier. This is notably the case in the trade be- 
tween Asia and Europe via the Suez Canal. Steamers 
sail from Japan for England with less than a third of 
their stowage space occupied by cargo, fill up at Shang- 
hai, discharge some and take aboard some at Hongkong, 
gather some business perhaps at Singapore, Penang and 
Ceylon; and thus make the way trade an important aux- 
iliary to the through freights. : 

In considering the southern route across the Pacific, 
through or near to the Sandwich Islands, we are con- 
fronted by the fact that no coaling stations exist west of 
that group, and that none can be established without 
great expense. Thenearest practicable islands, namely, 
the Marshall Group and the Eastern Carolines, are far 
to the south of the southern route, and they are quite 
unproductive, and could not give any return cargoes to 
ships bringing coal there, thus raising the price of coal 
freights to the islands to an unduly high sum. Some 
sailing ships will, of course, use the southern route 
when westward bound, as the favoring northeast trade 
winds will compensate them for the greater distance to 
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sail; but I do not anticipate that any cargo steamers 
will use this route, nor any eastward bound sailing craft. 

I have purposely left out of consideration in discus- 
sing Trans-Pacific routes, the swift steamers of the mail 
and passenger service. Nor will.I now confuse the 
issues before us by bringing them to your attention. 

They will increase, though more slowly, as the freight 
trade grows, but it is that freight trade and the con- 
ditions under which cargo steamers will find themselves, 
which should engross our most serious attention, as 
being the more solid and important factors of a nation’s 
commerce, 

What then do we see in the future, resulting from the 
existence of a Nicaragua Canal ? 

A continuous stream of ocean steamers leaving San 
Francisco to touch at the Aleutian Islands, to carry our 
flour and other products to Hakodadi, Yokohama, 
Kobe, Shanghai and Hongkong; tapping at convenient 
points the products of Corea and the rich valley of the 
Amoor. 

Another continuous line, leaving San Francisco for 
Mexico and the canal, New Orleans, New York and Ku- 
rope, while subsidiary lines from other coast ports con- 
nect at San Francisco with the great trade current, 
sweeping along our Pacific Coast from the Canal to 
Asia and return. 

We see this Canal, which has been opened at a cost of 
$75,000,000, paying in the first year of its use 5 per cent. 
interest on $300,000,000, and under a wise and liberal 
management, tolls being steadily reduced, until this 
great waterway is only a little less free than the open 
ocean. 

We see on Lake Nicaragua swarms of shipping and 
on its shores busy towns springing up in that lovely and 


104 Taylor on Nicaragua Canal. 

salubrious climate; while on the coasts from which come 
this commerce, we see a renewed impetus communicated 
to the industries of the States and increased power and 
glory to the nation. | | 

This is no dream, my friends. These are hard and 
practical facts which we have considered to-night. The 
men who conduct the affairs of the Canal are practical 
men. There are no dreamers among them. 

Least of all is that distinguished statesman a dreamer, 
who has honored the enterprise by accepting the leader- 
ship of it, and who is here to-night to assure you of his 
firm and enduring confidence in this, the greatest of all 
undertakings since Columbus discovered the Continent 
of America. 
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PHYSICAL AND GEOLOGICAL TRACES OF PER- 
MANENT CYCLONE BELTS. 


By Marspen Manson, C. E., Mem. Tecnu. Soc. P. C. 


The circulation of the atmosphere, in obedience to 
existing laws, antedates the dawn of geological time, 
therefore the effects of the formation and movement of 
areas of low barometric pressure, or cyclones, must be 
looked for in all subsequent time. These effects become 
traceable when, by reason of certain physical condi- 
tions, particular portions of the globe are more severely 
and frequently subjected to cyclonic action than others. 


ORIGIN OF CYCLONES. 


Cyclonic activity is developed in those regions of the 
globe where the air over any given area is warmer than 
the surrounding air. This condition creates upward 
currents, lessening the pressure of the atmosphere, and 
is recognized by low barometric readings. 

The surrounding air flowing in towards the cyclonic 
area receives a rotary motion from right to left,* and 
has an apparent motion from west to east, in conse- 
quence of the rotation of the earth. 

A cyclone, once generated, has its energy increased 





*In the Northern Hemisphere. 
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by the latent heat set free in the condensation of the 
moisture of the warm currents drawn in towards its vor- 
tex from at least one quadrant. In its motion east- 
ward this energy is further intensified by the increased 
precipitation caused by the chilling effect of conti- 
nental elevation. 

Under favorable conditions a cyclone will traverse half 
the earth, and indeed there is no reason why cyclones 
should not successively continue to circle the globe, 
subject to the deviations caused by the particular mete- 
orological conditions existing in the quadrant north- 
east, east, and southeast of their positions. 

The areas most favorable to the development of cy- 
clones are that portion of the North Atlantic warmed by 
the Gulf Stream, and the corresponding area of the 
North Pacific covered by the Japan current. These two 
vast ‘‘ocean rivers,’’ the Gulf Stream and the Japan 
current, moving on arés nearly parallel and on opposite 
sides of the globe, transport an immense amount of 
tropical heat into the temperate and polar regions, much 
of which is spent in heating the air in contact with the 
surface. 

CYCLONES GENERATED UPON LAND. 


Areas of low barometer originating upon continental 
areas exposed to great summer or tropical heat, generate 
a class of storms classified by Maury as monsoons. Their 
general character is similar to that of cyclones, but the 
interferences to true cyclonic motion are great. They 
could not have been established until after the uphea- 
ral of the continents. Their areas are much smaller, 
and their action is confined to the continents upon which 
they originate, unless, by being drawn into the older 
and more influential ocean cyclone, they intensify its 
power. They occupy the basins of the great river sys- 
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tems of the tropical and temperate regions. Their pro- 
duction in winter over the northern hemisphere is 
replaced by the opposite. condition, that is, an area of 
high barometer, or anti-cyclone. These anti-cyclones 
are the most potent factors in checking a mild, or 
forcing aside a violent cyclone traversing the conti- 
nents of America and Asia. 

The distinguishing physical and geological character- 
istics of the areas subject to monsoons are: 

(a) Maximum differences in elevations between 
mountains and valleys. 

(b) Recent geological formations. 

(c) Absence of evidences of glacial action, except in 
their most elevated, or northern limits. 

Although interesting in their action and results, it 
is not necessary to the purposes of this paper to further 
notice cyclones of this class. 


COURSE OF OCEAN CYCLONES. 


In its easterly course a cyclone may be checked, or 
forced out of its ordinary line by the existence of an anti- 
cyclone, and its path may be accurately predicted if the 
barometric pressures and general meteorological condi- 
tions in the quadrant to the northeast, east, and south- 
east of its position are known. The locus of constant 
maximum cyclonic activity in the northern hemisphere 
is about latitude 50°. During winter it is south, and in 
summer north of that line. The conditions favorable 
to the formation of cyclones are greatest in winter, hence 
the greater frequency and increased precipitation of 
winter storms. The breadth of the area of lowest baro- 
meter varies from several hundred to a thousand or more 
miles, and the effect of such low barometer in producing 
precipitation is several times this width. Within its influ- 
ence minor local disturbances of terrific energy, such 
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as tornadoes, hail and thunder storms, are developed. 
These are fully explained in the able reports and publica- 
tions of Lt. Finley. 

The annual northerly and southerly oscillations of 
cyclonic belts are peculiarly noticeable in the region 
just south of their general course from the Pacific, 
across the continent of North America. In winter, 
these cyclones strike about latitude 47° and their effect 
in influencing precipitation frequently reaches to lati- 
tude 33°. In summer, the causes producing them de- 
crease and retreat northward beyond definite observa- 
tions, and their southern limit of influence is rarely felt 
South of latitude 41° or 42°. Hence the wet and dry 
seasons of California. 

The accompanying charts, showing the areas of average 
barometric pressures for January and July, are from the 
recent edition of Warren’s Physical Geography by Prof. 
Brewer, of Yale. 

The observations in the northern hemisphere from 
which these isobars are drawn, are extended and definite 
and the deductions therefrom are reliable. This is not 
the case south of latitude 30° S. 

It will be observed that a cyclone, originating in the 
North Pacific, would find its course eastward across the 
continent of North America along the line of least re- 
sistance and be drawn into a corresponding area in the 
North Atlantic, thence across Europe in the same lati- 
tude. It is probable that in an earlier period of the 
earth’s history, the conditions for a further passage east- 
ward were slightly more favorable than those now exist- 
ing across the great Asian continent, and that the north- 
easterly course is a more recent one. Complete data for 
a full consideration of this problem are not at hand. 

There is no reason to assume that conditions mate- 
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rially different from those now existing, controlled the 
movement of cyclones since the Archaean period; and 
there are facts tending to show that the lines of cyclonic 
movement around the globe, between latitudes 50° and 
60° N., have practically remained unchanged since the 
upheaval of the continents along that line, and that this 
continued lessening of atmospheric pressure may have 
played an important part in their upheaval. 

In the same manner, the escape of vast volumes of 
hot gases and lava, during volcanic action, heated and 
expanded the atmosphere, thus relieving its pressure, 
and thus aiding in the upheaval of the adjacent crust. 

In order to fully appreciate the effect which a differ- 
ence of barometric pressure is capable of producing, one 
must realize that over each square foot of area subjected 
to one inch less pressure than another, a relief of 70.5 
pounds obtains. Upon a square mile this amounts to 
over 877,000 tons. <A difference of one inch or even 
more is not unusual; indeed, an inch is not far from an 
average, and acts overareas several hundreds of miles in 
width. This action is repeated every few days now, and 
could not have been inoperative at any period within 
the range of geological research, since its causes have 
their origin in the older sphere of Cosmology. 

This force may seem insignificant to the geologist ac- 
customed to consider forces of vaster magnitude, but the 
factor time, being great, brings the results entirely within 
reason. The geologist, in dealing with sub-aerial denu- 
dation, and the vast sedimentations resulting therefrom, 
accounts for the aggregate effects of a much milder force 
—because of the immensity of the time during which 
the force has been acting. 

It is impossible for this cyclonic force to have been 
thus active for ages, along certain reasonably well, de- 
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fined lines, without producing a very marked effect, and 
particularly if the surface acted upon was plastic or 
semi-plastic and in a state of equilibrium, or at a later 
period too rigid to yield otherwise than by being worn 
away. 

The direct effect of this lessening of pressure would 
be equivalent to a lifting force, and hence along the 
lines of its action the greatest upheavals would occur. 
The results of other cosmic forces would be accelerated 
or retarded, according to the direction of their lines 
of action. 

Continental areas in process of upheaval would— 

Ist. So interfere with the circulation of the ocean cur- 
rents, as to concentrate the flow-of warm equatorial 
waters upon certain areas; 

2d. They would reach their maximum height along 
the lines of maximum cyclonic activity. Hence, along 
those lines, would at once be established the summit or 
division of waters flowing north and south. This would 
notably be the case in great plateaus, where the forces 
of upheaval have been more uniform, and the rupture 
of strata less frequent. In addition to this, along these 
lines would be established the theater of the most active 
denudation, which would result 1n the maximum ex- 
posure of the oldest strata along this belt of cyclonic 
movement; whether the denudation be sub-aerial, as 
during the warm Paleozoic era, or glacial as later when 
the crust of the earth had cooled and thickened. 

The general proposition would also be true, that later 
geological formations would occur in the order of their 
ages north and south of this belt. Asa second conse- 
quence of this concentration of denuding agencies, the 
differences between mountain and peak elevations, and 
ralley and plateau elevations, would be reduced to a 
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minimum; for although both would reach their greatest 
height along these lines,upon the mountains would be con- 
centrated the greatest action. Mountains both northand 
south would remain higher, and as the plateaus in their 
latitudes had been less upheaved, and the valleys less 
filled up, the comparative elevations would be greater; 
or in regions north and south of cyclonic belts, differ- 
ences in land elevations would reach their maximum. 

The evidence is complete* to demonstrate that the 
maximum glaciation was along these belts, instead of 
being from the pole southward, as affirmed by Dr. Croll.t 

Dawson and others have observed that at, and near the 
mouth of the Mackenzie River, and over the whole of the 
northerly part of British America, the glacier movement 
was north. There is no controversy regarding the direc- 
tion of such movement, south of the lines of cyclonic 
movement across the continents. It is more natural to 
assume that glacial dispersion should occur along lines 
of maximum precipitation rather than from the pole, 
on account of its being the locus of maximum cold; the 
hypothetical piling up of glacial ice at the pole to such 
a thickness as naturally to flow south is thus avoided, 
and the laws of gravity not so seriously taxed. 

The accompanying chart of glacial movement is from 
various sources. 

Glacial movement northward would be retarded, or 
even entirely checked, during a period of increasing 
glaciation by the non-disappearance of ice, and its 
movement southward would be accelerated. Maximum 
glaciation along the lines of maximum precipitation in 
no way interferes with the various theories regarding 
the cause of the glacial period, and is borne out by the 





*The Ice Age in North America, Wright. 
+tClimate and Time; Climate and Cosmology. 
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observations of Dawson and others; also by the fact 
that the southern traces of glacial action on the conti- 
nent of North America, are where the muximum pre- 
cipitation now has its most southerly extensions; 
namely, on the southwesterly end of the Sierra Nevada, 
in latitude 36° and in the center of the great depres- 
sion, extending up from the Gulf of Mexico in latitude 
38's 

In the former locality, the increased precipitation is 
caused by the chilling effect of the high mountains on 
the warm southerly and westerly winds; and the latter 
point is exactly where the warm, moist air drawn up from 
the Gulf of Mexico by cyclonic action, encounters the 
cold of the great plateau extending through the conti- 
nent. | 

At these two localities, increased precipitation is nat- 
ural, and easily accounted for, and exactly in them we 
find that glacial action extends as far south as latitude 
36° N. in the Sierra Nevada, and 38 N. in the valley of 
the Mississippi-Missourti. 

No portions of the globe show more extensive evi- 
dences of glacial action than those portions in the im- 
mediate path of cyclones around the northern hemi- 
sphere, and these evidences reach their maximum where 
the cyclone first encounters the continent and where the 
precipitation reaches its maximum, or in Washington and 
British Columbia, and in the corresponding latitudes in 
Europe and Asia. 


SUBMARINE EFFECTS OF CYCLONIC ACTION. 


The submarine effects of cyclonic action are traceable 
by shallow seas. The same causes which aided in mak- 
ing the continents broadest and highest between lati- 
tudes 50° and 60° north, made the Atlantic and Pacific 


~ — 
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oceans shallowest in thesame latitudes. The telegraphic 
plateau revealed by Brooke’s deep sea-sounding appar- 
atus, is probably not altogether attributable to the de- 
posits swept northward by the gulf stream, nor to the 
detritus from melting icebergs as affirmed by Maury. 

By the same general agencies and in the same man- 
ner as now, the heat of the tropics has been for ages 
transported to the Arctic, rather than to the Antarctic 
regions. ' The resu!ting cyclonic action has been influ- 
ential in producing the broader land exposures and shal- 
lower seas of the northern hemisphere. The Atlantic 
telegraphic plateau has its corresponding plateau in the 
Pacific, and both are counterparts of the great conti- 
nental plateaus between parallels 50° and 60° N. 

The continent of North America serves as an illustra- 
tion of the peculiar traces of cyclonic movement, for— 


Ist. Both physical conditions and meteorological re- 
search agree as to to the natural course of cyclones about 
latitude 50°. 


2d. Aiong this parallel rise the great river systems 
of the continent, one flowing south into the Gulf of 
Mexico, and the other north, into the Arctic Ocean. 


3d: In this same belt the Rocky Mountains and the 
Selkirks are crossed from the summit of the plateau at 
elevations of 5,300 and 4,300 feet respectively, whilst 
at no other point of their course can they be crossed at 
such low elevations. 

Again, the peaks in this belt are not so high by from 
one-half to a full mile as Mount St. Elias (624° N.), Mt. 
Wrangel (64° N.), or as Mt. Ranier (47° N.), Mt. Shasta 
(414°) and Mt. Whitney (364° N), all of which are still 
subjected to glacial action. 

The valley and plateau elevations in the latitudes cor- 
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responding to these peaks are lower than in the cyclonic 
belt; almost within sight of Mt. Whitney, the most re- 
mote from this belt, are depressions below the level of 
the sea. 


Ath. Along this same cyclonic belt the greatest expo- 
sures of Archaean rocks occur, with their maximum 
southerly exposure in the center of the continent, where 
the cyclone traversing the continent was reinforced in 
the work of denudation by the precipitation from the 
warm, moist air drawn up from the Gulf of Mexico. 

So far as geological research has revealed them, the 
later formations occur in the order of their ages as the 
work of the cyclone has upheaved and uncovered them. 

The conclusions are evident: 

The continued movement of cyclones along the lines 
indicated, has resulted in two effects— 


Ist. The upheaval of the crust to its maximum along 
these lines. 


2d. The increased precipitation has subjected these 
summits to the maximum denudation, thus exposing the 
oldest rocks on the surface of the globe. 





DISCUSSION. 


Professor Joseph LeConte: 

1. Mr. Manson’s paper assumes the ordinary view as 
to the cause of cyclones. ‘This has recently been called 
in question by some of the ablest meteorologists. I 
think, however, he is quite right. Let the meteorolo- 
gists settle it among themselves. In the mean time, 
those who are not experts must assume what represents 
the present condition of science. 


2. A cyclone belt about 50°-60° latitude seems a 
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probable fact of observation. If so, I would represent 
the cause in this wise: It is certain that the return cur- 
rent from the equator deflects to the right and becomes 
about that latitude an eastward current. Thus there is 
certainly a great circumpolar whirl—a geo-cyclone — 
with its center at the pole and its circumference about 
50°. Now, as about the margin of ordinary cyclones are 
formed smaller but more furious whirls, viz: tornados, 
so about the margin of this geo-cyclone are formed 
smaller but swifter whirls, viz: the ordinary cylones. 

In the case of ordinary cyclones, the subordinate 
whirls (tornados) are mostly in the southeastern quad- 
rant. This is probably connected with the movement 
of translation. In the geo-cyclone, being stationary, the 
subordinate whirls (cyclones) may occur anywhere. 
This is determined by local causes, such as warm oceanic 
currents, etc. If this view be right, then there was al- 
ways a cyclone belt throughout all geological times, and 
even in pre-continental times, as indeed Mr. Manson 
assumes. 


3. It is true, also, that in North America and in Eu- 
rope (area more doubtful), the geologically oldest land, 
the nucleus of the present continents, was about this lati- 
tude, and that the continents, especially North America, 
developed by gradual upheaval and additions of newer 
strata north and south of this nucleus. This oldest land, 
along the cyclonic belt, would be the most eroded, for 
two reasons: Ist, -because it is the oldest and therefore 
longest subjected to erosure; and 2d, because this is the 
region of greatest precipitation of rain and snow, and of 
severest glaciation, as Mr. Manson has shown. 


4. But that low barometer of cyclone belt was the 
original cause of upheaval in that region, and therefore 
localization of the continental nuclei is, I think, untena- 
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ble—not because the cause is too small, but because it is 
not cumulative. 

Suppose the earth’s surface in a state of perfect iso- 
static equilibrium, a fall of barometer of one inch would 
cause a rise of the crust about five inches (specific grayv- 
ity of crust 2.6). If the barometer remained low, the 
iso-static equilibrium would be simply restored at that 
level permanently, except in so far as it may be de- 
stroyed by erosion. This, 1t seems to me, is the funda- 
mental fallacy so far as regarding low barometer as a 
direct cause of continental upheaval. But indirectly it 
is an Important cause; for the belt of low barometer is 
the belt of greatest precipitation, and therefore of great- 
est erosion, and therefore of constant restoration of iso- 
static equilibrium by upheaval. But this, of course, 
requires an initiating and more fundamental cause of 
upheaval, as shown in the next. 


5. Thus, causes of upheaval and subsidence of crust, 
or formation of those greatest inequalities—continents 
and ocean bottoms—are as follows: 


(1) Some interior but very obscure cause, probably 
unequal radial contraction of the earth during all geo- 
logical time. (On the principle of isostacy the ocean 
bottom crust ought to be denser than the continental. 
This is proved to be a fact.) 


(2) Once started by interior causes, whatever these 
may be, erosion of continents would continue the upheaval 
by lightening, and by sedimentation—the sinking of sea 
bottoms by loading. This would tend to continue indefi- 
nitely. Geology confirms this. 


(3) Barometric pressure may affect this slightly di- 
rectly, but indirectly very greatly, by producing belts of 
excessive precipitation, and therefore of excessive ero- 
sion. 
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6. I sympathize deeply with wide generalizations, 


such as that attempted in the paper (in fact, geologists 


are accused of being too fond of them); but it is neces- 


sary to take a comprehensive view, and especially to go 
slow. 


Lieut. J. P. Finley—Mr. President. This paper is 
really a geological one, and in that respect, as a meteor- 
ologist, | am not in a position to criticize it. 

The main purpose of the paper is to establish certain 
geological occurrences, or to attempt an explanation of 
their supposed relation to certain meteorological condi- 
tions, and the appearance of the surface of the earth 
over a portion of the Northern Hemisphere. 

There is no question in my mind as to the location of 
the northern cyclonic belt—the position of the storm 
line across the continent of North America. Allstorms 
move from west to east. The word storm, however, 1s 
not a proper term to apply here, because it has been 
used for a hundred years to indicate wind force and not 
systems of atmospheric circulation. 

There are two lines of cyclonic movement on the con- 
tinent of North America, only one of which has been 
referred to in this paper. The other forms a parabolic 
curve over the Gulf of Mexico, starting from the West 
India Islands, passing northwestward over the Gulf into 
the Mississippi Valley and thence northeastward off the 
New England coast. It is a belt of cyclonic movement 
confined to certain portions of the year, and involves 
those disturbances which are known as West India hur- 
ricanes. But this is hardly the proper term to apply to 
them. A hurricane is nothing more or less than a 
straight-line wind, a term applied in wind scales to rep- 
resent the maximum force or velocity of moving cur- 


118 Manson on Cyclone Belts. 


rents of air. It is therefore improper to apply it in 
describing any system of circulation in the atmosphere. 

The relation of the Gulf line of cyclonic movement 
to the geological formation of that region, I am not 
prepared to discuss. This paper has omitted any refer- 
ence to this belt of cyclonic movement and its effect 
upon the contour of the land areas over which it passes. 

Along the line of cyclonic movement, wherever that 
may be, I should judge the effect upon the surface of 
the earth in denudation or in erosive action would result 
almost entirely from precipitation. We know that dur- 
ing very heavy cyclonic movements across the continent, 
the effect upon the river systems is very marked, and 
that great quantities of alluvial detritus are carried down 
into the rivers, changing their beds, and in some re- 
spects the configuration of large areas of country. 

I cannot recollect the year (probably about 1878) in 
which observations were begun to note the effect upon 
the river systems of the country of the periods of 
ereatest cyclonic activity. It is a matter to which the 
Signal Service is giving considerable attention, a corps 
of observers having been established for the purpose of 
gathering information upon the subject. These facts 
would lead, of course, back to the point that the most. 
prominent effects of cyclonic movement over land areas. 
are those resulting from precipitation. 

There is one portion of the paper which refers to a 
class of cyclones by the term monsoon. I am aware 
of the fact that this term is used a good deal in that re- 
spect, but J think it is a misapplication. The word 
monsoon should only apply to a local periodical move- 
ment of the air, either from a land area to an area of 
water or the reverse. It is really not a great system of 
atmospheric circulation which we designate by the term 
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cyclone, but rather an attendant feature of those disturb- 
ances. In attempting to define the two great classes of 
atmospheric disturbances, the word monsoon would not 
be employed. 

We could say that the winds which are popularly 
called trade winds here in San Francisco, are monsoon 
in character, but we could not apply that term to the 
eyclonic and anti-cyclonic disturbances which give rise 
to those winds. They are not the trade winds of the 
North Pacific but their monsoon character has given 
rise to a misapplication of the term. 

No matter where these disturbances are formed, all 
cyclonic movements have features in common. This 
statement applies to all parts of the northern hemis-_ 
phere, as far as our observations have been made. 
The signal service has made, in conjunction with 
observers throughout Europe, a series of observations 
covering a period of ten years, which have been dis- 
cussed under the head of International Meteorology, 
and a series of monthly publications covering the en- 
tire period have recently been completed at the Central 
office at Washington. In that investigation it has been 
found that cyclonic movements were continuous from 
west to east, andin some instances we were able to trace 
the cyclonic disturbances from their source over the 
Japan Current back to the Japan Current again. In 
other words, the atmospheric eddy passed. around the 
world. The charts fora large portion of the northern 
hemisphere were not very perfect, owing to the great dis- 
tances between stations. We are often able to trace 
and secure the identity of a cyclonic disturbance with- 
out any evidence of precipitation. The change of the 
barometer would indicate the continuity of the cyclonic 
circulation of the atmosphere, although precipitation 
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might be entirely absent. I suppose the popular mind 
would consider that the cyclone had disappeared, unless 
there was precipitation somewhere within its area, but 
that is not at all required in order to distinguish the iden- 
tity of the disturbance. Very frequently we have cy- 
clonic disturbances of considerable energy that give rise to 
large precipitation in the North Pacific Coast region, but 
after passing inland into Montana and Wyoming are en- 
tirely free from precipitation, and are then only traceable 
by barometric fluctuations. These are usually noted in 
twelve and twenty-four hour changes and departures 
from the normal, and would hardly be noticeable on an 
ordinary chart tracing the lines of cyclonic movement. 

This fact shows the value of a long series of observa- 
tions made systematically and very carefully. In 
meteorology an observation omitted is lost forever. 
Therefore it has been considered extremely important 
that the weather work of the signal service should be 
maintained by a corps of observers who can be held to 
their posts of duty irrespective of any trouble, no matter 
whether it involves war, illness or spread of disease, such 
as cholera or small-pox. We have held our men to 
their stations even though death came and removed 
their families. If the observer was removed by con- 
tagious disease we immediately replaced him, consider- 
ing the continuity of the observations at a station 
superior to even human life. 

Although this paper involves many technical questions 
in geology, yet the interest of the meteorologist 1s awak- 
ened and his attention held by the able and ingenious 
effort of the author to show a most unique and probable 
relationship between geological forces and atmospheric 
changes. The idea is entirely new to me, and I am of 
the opinion that it has never before been presented or 
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discussed. The probability that geology may assist in 
formulating laws concerning the distribution, frequency 
and force of the general disturbances of the atmosphere, 
presents to view a most inviting field for investigation. 

The subject is worthy of attention, and it is hoped 
that the leading meteorologists of the world may haye 
opportunity of considering the views expressed by Mr. 
Manson. 

Just now there is great activity in meteorological in- 
vestigation throughout the world, and attention is cen- 
tered upon the United States as the field of greatest 


opportunity for new developments in weather science. 


The work of the U.S. Weather Bureau needs to be di- 
rected towards greater sympathy with kindred sciences. 
Meteorological research should incline towards all de- 
partments of science where there is any evidence of 
mutual gain. Mr. Manson’s paper is very opportune in 
this respect, and will, I feel confident, be greeted with 
much satisfaction by those who are laboring for the most 
liberal development of the science of meteorology. 

Very fortunately for Mr. Manson, the meteorology of 
his paper embraces important facts and well established 
views. His plan of presentation is well invested but 
necessarily brief. His attention, however, has been 
directed to the least violent of the two belts of cyclonic 
activity in North America. It is important to state, 
relative to the Gulf belt, that its activity is most pro- 
nounced during certain months of the year, viz: from 
August to November inclusive. The Northern belt is 
active throughout the year. There is no question as to 
the direct erosive effect of atmospheric precipitation. 
Some soils and rocks are more easily affected than others, 
but continual dropping compels the hardest substance 
to yield. 
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Changes in temperature and consequent changes in 
the moisture of the earth and atmosphere give rise to 
disintegration, and materially aid the denuding effect of 
running water. Precipitation and temperature are cer- 
tainly the most important atmospheric agencies which 
leave physical traces of cyclonic activity. Their action 
is readily discernible and susceptible of proof. Not so, 
however, with changes in barometric pressure. There 
is not only no direct proof of any physical modification 
of the earth’s surface due to barometric fluctuations, but 
it is difficult to conceive that there could be. Even the 
element of time does not avoid the insufficiency of this 
agency to account for changes in the earth’s crust. Fluc- 
tuations in atmospheric pressure are generally gradual, 
even along the belts'‘of greatest cyclonic activity. A 
barometric change of one inch at any place usually 
requires more than thirty-six hours for its accomplish- 
ment. 

The greatest changes in barometric pressure have not 
been reported from the northern cyclonic belt, but rather 
from the Gulf belt.. They are sometimes very marked 
in the vicinity of Nova Scotia and New England. It 
would appear, therefore, that the physical traces of 
cyclonic activity ought to be very evident along the 
course of the West India disturbances. 

The fiftieth. parallel is really the region of the most 
marked anti-cyclonic activity. The highest barometric 
pressures recorded by the Signal Service have been re- 
ported from stations in that latitude, while the lowest 
have occurred along the Gulf and Atlantic coasts. The 
region of greatest precipitation is not coincident with 
the northern belt of greatest cyclonic activity. It is 
heaviest along the Gulf and Atlantic coasts, and on the 
Pacific Coast from Alaska southward to Washington. 
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It is true that the great river systems of the Northern 
Hemisphere rise along the fiftieth parallel, but their 
connection in this respect with atmospheric changes of 
pressure and temp-+rature is hardly that of cause and 
effect. Could physical and geological conditions along 
the fiftieth parallel have decided the question as to 
whether cyclonic disturbances actually maintain their 
identity from the Pacific to the valley of the Mississipp1? 
I think not. It required the synoptic weather chart in 
its best form to divulge that secret. 

Along this parallel, after leaving the immediate coast 
of Washington and British Columbia, atmospheric pre- 
cipitation is extremely limited, and therefore its corres- 
ponding erosive effect must be diminished. The loca-- 
tion of the northern belt of cyclonic activity along the 
fiftieth parallel is not due to any peculiar geological for- 
mation or topography of the interior of North America, 
but, on the contrary, to the existence of permanent and 
extensive sources of heat and moisture in the great 
warm river of the North Pacific. The daily variability 
of temperature is less in Oregon and Washington than 
in any other part of the country; but eastward of this 
region, from Montana to the coast of Labrador, the 
greatest extremes of temperature are experienced. The 
effect of these changes upon the earth’s surface is doubt- 
less considerable, and it would be a subject of much in- 
terest and value to systematically observe and record 
such influences. 

After leaving British Columbia, cyclonic disturbances 
from the Pacific would dissipate before reaching the 
Atlantic were it not for the heat and moisture thrown 
off and carried northward from the Gulf and Gulf Stream. 
Many of the cyclones would not survive to the Great 
Lakes. Reverse the source of the Japan Current so that 
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it would flow northward along the California Coast, and 
as a result the belt of cyclonic movement would be 
shifted from its present location southward to between 
the thirty-fifth and fortieth parallels. Such a physical 
change would work a wonderful modification of the ch- 
mate and vegetation of the Middle and Southern Plateau 
Regions. What would be the geological effect? Is there 
any evidence to show that the thirty-seventh parallel 
has not been the course of cyclonic activity from the 
Pacific at some stage of our earth’s existence? How far 
can geology assist meteorology in solving the problems 
of atmospheric circulation? What can be the practical 
outcome of this discussion? If any at all, it is perhaps 
more likely to benefit meteorology than geology. But 
generalizations, however broad, are oftentimes the har- 
bingers of important truths, that can not be crystallized 
without a good deal of hard pioneering. 

Mr. von Geldern—Mr. Manson’s paper has interested 
me very much, and although I do not consider atmos- 
pheric pressure as one of the principal factors in the 
formation of continents, [am quite ready to attach to 
it more importance than I had hitherto givenit. While 
the active cause of the plastic condition of the earth’s 
crust is probably subterranean, and considerably beyond 
our comprehension, secondary causes are to be looked 
for in physical forces manifest on the surface, such as 
volcanic action, the mountain building forces, actions of 
the sea, and climatic effects, to which the cyclonic belts 
may be reckoned. While every factor is important, and, 
regarded as a physical force, of a magnitude beyond 
human comprehension, each in itself, however, plays but 
a small part in nature’s economy in moulding the skin 
of the earth. 

The result as we now behold it, is probably brought 
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about by many closely related and interdependent cos- 
mic forces, that have been in operation from the infancy 
of the globe, and continue to affect its surface, in the 
same or in a modified degree, as the world grows older. 
It would be difficult to say that any one of these second- 
ary causes is of greater importance than another, and 
what the result would have been if any one were lacking. 

That the pressure of the sea of air and its oscillations 
affect the surface of the earth directly, and more partic- 
ularly indirectly, by resulting precipitations, may be 
conceded. 

The relation of the weight of the air to the form of 
the land is mentioned by Alexander von Humboldt in 
discussing atmospheric pressure, but he speaks of it in 
this sense: that the geographical position of isobaro- 
metric lines yield important conclusions regarding the 
influence exercised by the form of the land and the dis- 
tribution of seas on the oscillations of the atmosphere. 

The consideration of physical forces, in the hght of 
the physicist, is always of interest to the engineer and 
should be encouraged. 


Mr. Manson—Prof. LeConte makes a very striking 
and plausible point in calling attention to the lessening 
of pressure by erosion, and consequent lifting, along 
the zone of cyclonic movement; and the depression of 
remote areas by the resulting sedimentation. 

The writer cannot however agree with Professor Le 
Conte in his view of the inoperative character of a cause 
by reason of its not being cumulative; many causes re- 
cognized in both cosmology and geology as Still potent, 
are now the reverse of cumulative. The concentration 
of a vast ice sheet, with its line of dispersion along the 
zone of maximum precipitation was cumulative in its 
effects for along period after its commencement. This 
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was possibly a constant, and later a decreasing cause of 
glacial erosion; its activity as a cause did not end when 
it ceased to be cumulative. 

Whatever may have been the components of the at- 
mosphere during that period of the earth’s evolution 
when its surface temperature was strongly influenced by 
its interior heat, as soon as solar heat became a, potent 
source there must have been an equatorial torrid zone, 
from which the atmosphere and water circulated to- 
wards the lesser heated polar regions. This circulation 
influenced by the rotation of the earth, would establish 
the polar geo-cyclone referred to by Prof. Le Conte; but 
around the margin of this geo-cyclone would be the 
eteat cooling area, where warm and cold currents met, 
and hence this margin would be the region of maximum 
cyclonic energy and precipitation. 

The writer does not contend that the causes men- 
tioned are the only, nor even the prime causes of max- 
imum plateau or continental elevations, but that these 
causes have not heretofore been pointed out, and that 
their action is traceable by lines of maximum upheaval 
and denudation. 

That the great plateau elevations of the northern 
hemisphere occur along the belt of maximum cyclonic 
movement is indisputable; that the summits of these 
plateaus are the locus of maximum exposure of the geo- 
logically oldest rocks is likewise indisputable. There 
must be definite causes for these facts. If those as- 
signed by the writer are erroneous or inadequate, the 
true or additional causes have not yet been pointed out. 

The climate prior to the glacial epoch was more equa- 
ble than during or subsequent to that epoch, as evi- 
denced by the fauna and flora of the Paleozic and Me- 
sozoic eras. Hence the atmospheric phenomena of those 
eras were more uniform and less violent, but still potent. 
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The track of gulf cyclones (or West India hurricanes) 
was not overlooked by the writer, as thought by Lieut. 
Finley. These cyclones have not had the great periods 
of activity belonging to those traversing the globe about 
latitude 50°. Their movements are more erratic, and 
their violence is concentrated upon a comparatively 
small area. ‘‘ They could not have been established 
until after the upheaval of the continents.” Nor can 
the writer agree as to the parabolic nature of their path 
—certainly no such curve could be laid out upon the 
surface of a sphere. 

These storm movements are probably the general 
northerly and easterly circulation concentrated by phy- 
sical and meteorological conditions along certain lines, 
and are unquestionably more recent than those into 
whose general track they are drawn off the coast of 
Nova Scotia and New England. 

The problematic effects of a reversion of the Japan 
Current are foreign to the objects of the paper under 
discussion. The writer is not aware of any traces of 
cyclonic movement about latitude 37° N., all of his 
studies pointing conclusively so far to the permanence 
of such movement about latitude 50° N. 
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MINUTES OF MEETINGS. 


ANNUAL MEETING. 


January 23d, 1891. 
Called to order at 8:50 p. M. by the President. 


Amendments to the Constitution, as proposed, were 
read by the Secretary, and each article as read was, 
upon motion, recommended for adoption. 


ARTICLE VI. 
To change the paragraph: 

‘‘A Member shall be one qualified to design as well as direct technical 
work, and who shall have been engaged professionally in the practical 
application of science for a period of seven years, or for a period of five 
years if a graduate of a college or technical school.” 

to read: 

‘A Member shall be one qualified to design as well as direct technical 
work, and who shall have been engaged professionally in the practical 
application of science for a period of five years, or for a period of three 
years if a graduate of a college or technical school of recognized standing.” 


ARTICLE XII. 


To change the words ‘‘Any vacancy occasioned by resignation or other- 
wise, must be filled at the next regular meeting of the Society after notice 
of said vacancy, by ballot and simple majority.” 

as follows: 

‘‘Any vacancy occasioned by resignation or otherwise may be filled at 
the next regular meeting of the Society, after notice of said vacancy by 
ballot and simple majority, or in the case of temporary absence, by ap- 
pointment by the president or the active presiding officer, of a substitute 
to fill the temporary vacancy.” y 
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ARTICLE XIX. 


To change the words ‘‘ The annual meeting for the election of officers 
and hearing the annual report shall be held three weeks after the regular 
meeting of the month of January.” 


to read: 

‘The annual meeting for the election of officers and hearing the annual 
report shall be held two weeks after the regular meeting of the month of 
‘January.” 

Also to strike out the words: ‘‘This estimate shall be binding on the 
Society, unless a two-thirds vote of allmembers decide otherwise. Absent 
members can vote by letter.” 

ARTICLE XXIV. 
To strike out the whole clause: 

“The Board of Direction may recommend to the next regular meeting 
an application for exemption from the payment of annual dues of any 
member, who, from ill health, advanced age or other good reason, is unable 
to pay such dues; and the Board of Direction may, if so authorized by the 
vote of the regular meeting, remit the whole or part of dues in arrears.” 

and substitute: 

‘Upon application being made in writing to the Board of Direction for 
the exemption from:payment of annual dues by any member who, from ill 
health, advanced age or other good reason, is unable to pay such dues, 
the Board of Direction shall consider the matter at their next meeting, and 
by a unanimous vote may remit the whole or part of the dues in arrears.” 


The Treasurer submitted the following detailed report 
of the receipts, expenditures, and financial standing of 
the Society: 


Balance on hand, January, 1890 





POTS Rie: ge ale Oe rr, ap es 1,331 50 
SalOrahe DIM SRCRION GS. loko. 4. - ace ds dt 28, tet Rd = a 9 85 

Pea Le es an. oS ste 91S ee ce Ge $1,862 36 

DISBURSEMENTS, AS PER VOUCHERS. 

Bor Secretary ESS9 2700) svete ds 4a). ond ere eRe gs ShSa See ks $ 150 00 
Porc secter ry, part 011600002 0\..-. .... Jee ) 4a eee 250 00 
PRCT TER ATE EU, oh cn ar hem Me es a cs 5. 0) cp cee EE NSS ch late bela 180 00 
For office, stationery, postage and expressage.................-. 147 98 
Calleebors: perce taaen 222 ors so van +,.ha ep ele ody oS sea 65 61 
Printing Trangasctions, including engraving sy).. ...-:..-....: 650 00 
Job printing, bookbinding, and library expenditures........... 337 79 








$1,781 38 
Balance, cash on band January; 189! sae) Oke ee 80 98 


ERR OC RRP iS Sc 0 diy ke RN ene $1,862 36 
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The report was ordered received and referred to the 
new Finance Committee at the next regular Directors’ 
meeting. 


The Secretary submitted and read the following re- 
port on the present membership and the transactions of 
the Society: 


The present total membership is 149, as follows: Hon- 
orary members, 1; members, 137; juniors, 1; associates, 
10—total, 149. Of these 105 are resident, and 44 non- 
resident members. 


A geographical distribution places 105 in San Fran- 
cisco and vicinity, 25 in other parts of the State, 5 in 
Nevada, 1 in Idaho, 1 in Washington, 1 in Oregon, 2 in 
Colorado, 1 in Minnesota, 1 in Massachusetts, 1 in Ilh- 
nois, 1 in West Virginia, 3 in Hawaii, 1 in England, 3 
in A irica. 


Professionally divided, there are 57 civil engineers, 34 
mechanical engineers, 21 mining engineers, 4 architects, 
2 builders, 1 naval architect, 1 electrical engineer, 1 sur- 
veyor, 2 professors of University, 6 technologists, 4 mil- 
itary engineers, 2 instrument makers, 4 chemists, 10 
associates of various professions. 

During the year 1890 the Society increased in mem- 
bership as follows: Admitted, 48; reinstated, 3—total, 
51. Resigned, 1. Gain, 1890, 50. . There are 41 mem- 
bers, 1 junior, 8 associates—50. 





Professionally divided: Civil engineers, 10; mechani- 
cal engineers, 20; mining engineers, 3; architects, 2; 
surveyors, 1; naval architect, 1; technologists, 3; 1n- 
strument makers, 2; associates of various professions, 8 
—total, 50. 


Membership of Society January Ist, 1890: Members 
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and associates, 101. Increase in 1890, 50—total, 151. 
Deaths during 1890, 2. Present membership, 149. 


Members deceased, 1890: Emil Adler, of Portland, 
Oregon; Geo. C. Knox, of Los Angeles, Cal. 


Number of regular meetings held during year, 12; Di- 
rectors’ meetings, 9; special meetings, 1. Number of 
papers read, 11; number of papers read by title, 1; num- 
ber of addresses made, 4. 


Papers were published in printed proceedings of the 
past year on thirteen different subjects: Civil engineer- 
ing, 5; mechanical engineering, 4; pure mathematics, 
1; technological, 1; mining engineering, 1; electrical 
engineering, 1—total, 15. 


‘This report shows how encouraging the work of the 
Society has been during the past year, and how much 
could be accomplished in this laudable undertaking if 
every member would assist to the best of his ability to 
promote the welfare of the Society. Much remains to 
be done to bring it into prominence, and to make it a 
factor that should be considered in many business 
enterprises on the Coast. With the coming year work 
is in contemplation that it is hoped will ultimately lead 
to the desired end. The time has come and there is 
room for a Technical Society on the Pacific Coast, and 
we have good material here from which to build it. 
The foundation is laid, and if we fail in the super- 
structure the fault will be our own.” 

The election for officers for the ensuing year being in 


order, the President appointed tellers to open and count 
the votes with the Secretary. 


After a count of ballots, the following ticket was de- 
clared elected: President, John Richards; Vice-Presi- 
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dent, Luther Wagoner; Treasurer, Geo. F. Schild; Secre- 
tary, Otto von Geldern. Directors, Hermann Kower, 
Ross E. Browne, C. E. Grunsky, Jas. W. Reid, Alpheus 
Bull. 


A meeting of the Board of Directors was ordered for 
Monday January 26th, at noon, to be held at the office 
of President Richards. 

Adjourned. 

OTTO VON GELDERN, 
Secretary. 


REGULAR MEETING. 
February 6th, 1891. 
Called to order at .8:30 p. m. by Mr. C. E. Grunsky, 
Acting Chairman. 


The minutes of the last regular meeting were read and 
approved. 


The following gentlemen were elected to membership: 


Members—John L. Heald, Edward N. Robinson, Ed- 
ward Hooper, Joseph C. Sala. 


The following names were proposed: 


For members—Robert Stevenson, civil engineer, pro- 
posed by B. McIntire, Chas. Koefoed and Hubert 
Vischer; G. A. Atherton, county and city surveyor, 
Stockton, Cal., proposed by Hubert Vischer, Luther 
Wagoner and Otto von Geldern; Edward Eugene Tucker, 
civil engineer, Stockton, Cal., proposed by Hubert 
Vischer, C. IE. Grunsky and Otto von Geldern. 


For juniors—Jas. T. Ludlow, mechanical draughts- 
man, proposed by B. McIntire, Chas. J. Koefoed and 
Otto von Geldern; Halfdan Sommerfeldt, mechanical 
draughtsman, proposed by C. A. Stetefeldt, H. C. Behr 
and Geo. F. Schild. 
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For associate— Leon A. Corneille, proposed by W. 
Leichter, A. E. Chodzko and H. C. Behr. 


The proposed amendments to the Constitution, as read 
before the annual meeting, were again brought to the 
notice of the Society, and read by the Secretary. 


Mr. Grunsky reported the present condition of the 
proposed bill to license surveyors and the progress thus 
far made in a legislative way at Sacramento. He stated 
that the first section of the bill, making it unlawful for 
any one to engage in land surveying and make a charge 
therefor, unless he has first secured a surveyor’s license, 
had been declared unconstitutional, and had to be strick- 
en from the bill. 

The Secretary read a paper submitted by the Presi- 
dent, Mr. John Richards, on the subject of ‘‘ Abrasive 
Cutting in the Mechanic Arts.” 


Adjourned. 


REGULAR MEETING. 
March 6, 1891. 
Called to order at 8:30 p. m., by the President. 
The minutes of last regular meeting were read and 
approved. 
The following gentlemen were elected to membership: 


Members—Robert Stevenson, G. A. Atherton, E. C. 
Tucker. 


Juniors—Jas. T. Ludlow, Halfdan Sommerfeldt. 
Associate—Leon A. Corneille. 


The ballots on certain amendments to the Constitu- 
tion, proposed at the Directors’ meeting, October 30th, 
and read before the annual meeting, January 23d, were 
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counted, resulting in a unanimous vote in favor of 
their adoption. 

Mr. A. W. Stahl, Naval Constructor, U.S. Navy, then 
addressed the members on the ‘‘Modern Theory of 


Ocean Waves,” after which a discussion of the subject 
followed. 


A vote of thanks for Mr. Stahl was passed. 
Adjourned. 








REGULAR MEETING. 


_ April 10th, 1891. 
Called to order by the Vice-President, Mr. Luther 
Wagoner. 


The minutes of the last regular meeting were read 
and approved. 


The following names were proposed: 


For members—R. Hinchliffe, mechanical engineer, 
proposed by H. C. Behr, A. E. Chodzko and W. Leichter; 
Leonard J. Gates, mechanical engineer, proposed by L. 
A. Corneille, A. E. Chodzko and Otto von Geldern; Guy 
Sterling, civil engineer (North Yakima), proposed by 
Otto von Geldern, C. E. Grunsky and Geo. F. Schild; 
Jerome Newman, civil engineer (Tacoma), proposed by 
Prof. Frank Soulé, Hermann Kower and Otto von Geld- 
ern; Harry I. Willey, civil engineer, proposed by C. E. 
Grunsky, Otto von Geldern and Geo. F. Schild; Louis 
Falkenau, chemist, proposed by John Richards, H. C. 
Behr and Geo. F. Schild. 


For junior member—Franklin Booth, graduate Col- 
lege of Mines, University of California, proposed by 
Ross E. Browne, Geo. F. Schild and H. C. Behr. 
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For assoclate—E. C. Sessions, of Oakland, proposed 
by John Richards, Geo. F. Schild and H.C. Behr. 


The Secretary read a paper written by Mr. S. Harri- 
son Smith, on the subject of Street Pavements, which 
led to a general discussion. The majority of the mem- 
bers participating expressed a most favorable opinion of 
the bituminous rock pavement as that best adapted for 
the ordinary traffic, under the condition, however, that 
& proper and adequate foundation be furnished for it, 
and that the skin be kept in thorough repair. The dis- 
cussion was carried on at length by a number of prom- 
inent members. 


Mr. A. T. Herrmann, being called upon, related the 
details of the passage of the bill to license surveyors, and 
explained the difficulties under which the committee 
having the matter in charge accomplished the passage of 
the Act as it now stands. 


It was ordered, upon motion, that the thanks of the 
Society be expressed to the committee for the useful 
work performed, as well as to those members of the State 
Legislature who befriended the Act and assisted in its 
becoming a law. 

The Secretary was instructed to communicate this 
resolution to the various parties. 

It was further ordered that the Society print in its 
proceedings the ‘‘ Act to define the duties of and to li- 
cense Land Surveyors” in full as passed by the last 
Legislature. 


Adjourned. 
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SANE NIE! COGS 


TO DEFINE THE DUTIES OF AND TO LICENSE 
LAND SURVEYORS. 


The People of the State of California, represented in Senate 
and Assembly, do enact as follows: 

Section 1. Every person desiring to becomea licensed 
land surveyor in this State must present to the State 
Surveyor-General of this State a certificate that he is a 
person of good moral character; also, a certificate signed 
by three licensed surveyors, or a certificate signed by the 
Board of Examining Surveyors, provided for in section 
five of this Act, which certificate shall set forth that the 
person named therein is, in the opinion of the person 
signing the same, a fit and competent person to receive 
a license as a land surveyor, together with his oath that 
he will support the Constitution of this State and of the 
United States, and that he will faithfully discharge the 
duties of a licensed land surveyor, as defined in this Act. 


SEc. 2. Upon receipt of such certificate and oath by 
the State Surveyor-General, it shall be his duty to forth- 
with issue to such applicant a license without charge, 
which license shall set forth the fact that the applicant isa 
competent surveyor, or that he has had at least two years’ 
experience in the field as surveyor or assistant surveyor. 


Sec. 3. Such license shall contain the full name of 
the applicant, the technical institution from which he is 
a graduate (if he be a graduate), or if he is not a gradu- 
ate, the fact must be stated in the license, his birthplace, 
age, and to whom issued, the name of the person upon 
whose certificate the leense is issued, and the date of 
its issuance. 


Sec. 4. All papers received by the State Surveyor- 
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General, on application for licenses, shall be kept on file 
in his office, and a proper index and record thereof shall 
be kept by him, and a list of all licensed land surveyors 
shall be kept by him, and he shall monthly transmit to 
the County Recorder of each county in this State a full 
and correct list of all persons so licensed, and it is hereby 
made the duty of such Recorders to keep such lists in 
their offices in such a way as they may be easily access- 
ible to all persons. 


Sec. 5. Within twenty days after the passage of this 
Act, the Governor shall appoint three surveyors in good 
standing, members of the Technical Soctety of the Pa- 
cific Coast, and two other surveyors in good standing, 
not members of such Society, as a Board of Examining 
Surveyors, who shall conduct such examinations and 
make such inquiries as to them may seem necessary to 
ascertain the qualifications of applicants for surveyors’ 
licenses. 


Sec. 6. A majority of the Board of Examining Sur- 
veyors shall meet on the first Friday of each month dur- 
ing their term of office, in the rooms of the Technical 
Society of the Pacific Coast in San Francisco, and at 
such other times and places as they may select. The 
members of the Board shall hold office for the term of 
one year from the date of appointment, and shall serve 
without compensation. 


Sec. 7. Every licensed surveyor shall have a seal of 
office, the impression of which must contain the name 
of the surveyor, his principal place of business, and the 
words, ‘‘ Licensed Surveyor; and all maps and papers 
signed by him, and to which said seal has been attached, 
shall be prima facie evidence in all the Courts of the 
State. 
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Sec. 8. Surveyors’ licenses, issued in accordance 
with this Act, shall remain in force until revoked for 
cause, as hereinafter provided. 


Src. 9. Every lcensed surveyor is authorized to ad- 
minister and certify oaths when it becomes necessary, 
to take testimony, to identify, or establish old or lost 
corners; or, 1f a corner or monument be found in a per- 
ishable condition, and it appears desirable that evidence 
concerning such corner or monument be perpetuated: 
or whenever the importance of the survey makes it de- 
sirable, to administer an oath for the faithful perform- 
ance of duty to his assistants. A record of such oaths 
shall be preserved as a part of the field notes of the sur- 
vey. 7 


Sec. 10. Every licensed surveyor is hereby author- 
ized to make surveys relating to the sale or subdivision 
of lands, the retracing or establishing of property or 
boundary lines, public roads, streets, alleys, or trails; 
and it shall be the duty of each surveyor, whenever 
making such surveys, except those relating to the re- 
tracing or subdivision of cemetery or town lots, whether 
the survey be made for private persons, corporations, 
cities, or counties, to set permanent and reliable monu- 
ments, and such monuments must be permanently 
marked with the initial of the surveyor setting them. 


Sec. 11. Within sixty days after a survey relating to 
the sale or subdivision of lands, the retracing or estab- 
lishing of property and boundary lines, public roads or 
trails, original cemetery or town sites and their subdi- 
visions has been made by a licensed surveyor, he shall 
file with the Recorder of the county in which such sur- 
vey or any portion thereof lies, a record of survey. 
Such record shall be made in good, draughtsmanlike 
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manner, on one or more sheets of firm paper of the uni- 
form size of twenty-one by thirtyinches. This record of 
survey shall be either an original plat ora copy thereof and 
must contain all the data necessary to enable any compet- 
ent practical surveyor to retrace the survey. The record 
survey must show: All permanent monuments set, de- 
scribing their size, kind and location, with reference to 
the corners which they are intended to perpetuate; all 
bearing or witness trees marked in the field; complete 
outlines of the several tracts or parcels of land surveyed, 
within courses and lengths of boundary lines; the angles 
as measured by Vernier readings, which the lines of 
blocks or lots, if the record relate to an original town- 
site survey, make with each other and with the center 
lines of adjacent streets, alleys, roads or lanes, the vari- 
ations of the magnetic needle with which old lines have 
been retraced; the scale of the map; the date of sur- 
vey; a proper connection with one or more points of 
an original or larger tract of land, and the name of the 
same; the name of the grant or grants, or of the town- 
ships and ranges within which the survey is located; the 
signature and seal of the surveyor; provided, that noth- 
ing in this section shall require record to be made of 
surveys of a preliminary nature, where no monuments 
or corners are established. 


Sec. 12. The record of survéys thus filed with the 
County Recorder of any county must be by him pasted 
in a stub-book provided for that purpose, and he must 
keep a proper index of such records, by name of owner, 
by name of surveyor, by name of grant, city or town, 
and by United States subdivisions, and he shall make 
no charge for filing and indexing such records of sur- 
veys. 


Sec. 13. Upon the failure of any licensed surveyor 
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to comply with the requirements of this Act, and the 
furnishing of satisfactory proofs of such tact, the State 
Surveyor-General must revoke his license, and no other 
license shall be issued to him within one year from such 
revocation. A violation of section eleven of this Act 
shall be a misdemeanor, and any person convicted of 
such violation shall be punished by a fine not to exceed 
more than one hundred dollars, or imprisonment in the 
county jail not exceeding thirty days. 


Sec. 14. In case said Board shall refuse to meet and 
examine applicants for licenses, as in this Act provided, 
and issue to such applicants the certificate or certificates 
mentioned in this Act, if such person be a fit and com- 
petent person to receive the same, they may be com- 
pelled to do so by mandamus, and if, upon the hearing 
of such mandamus, it appears that they have willfully 
and wrongfully refused to examine any applicants, or to 
issue him a certificate when he is entitled to the same, 
such Board so refusing or failing, shall be jointly and 
severally liable for all costs of said mandamus proceed- 
ing, including attorney’s fee of five hundred dollars, and 
shall be so jointly and severally liable to any person ag- 
erieved by such refusal in the sum of five hundred dol- 
lars, as fixed, settled, and liquidated damages, which 
may be recovered in any Court in this State, and the 
judgment (if it be for plaintiff) in mandamus shall be 
prima facie evidence of such injury and damage in any 
action which may be brought to recover damages under 
the provision of this Act. 


Sec. 16. All that part of the Code of Civil Procedure 
of this State relating to mandamus is hereby made ap- 
plicable to the provisions of this Act, and all proceed- 
ings in mandamus under this Act shall be in accordance 
therewith. 
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Sec. 17. This Act shall take effect on the first day of 
July, eighteen hundred and ninety-one. 


The Governor of the State of California subsequently 
appointed the following Board of Examiners: 


Luther Wagoner and 8. Harrison Smith of San Fran- 
cisco, L. F. Bassett of Redding, Shasta Co., members of 
the Technical Society, Fred Eaton of Los Angeles, and 
R. Dittrich of San José. 





REGULAR MEETING. 
. May Ist, 1891. 

Called to order at 8:30 p. M., by the President. 

The minutes of the last regular meeting were read and 
approved. 

The folowing gentlemen were elected to menibership 
in the Society: 

Members—R. Hinchliffe, Leonard J. Gates, Guy Ster- 
ling, Jerome Newman, Harry I. Willey, Louis Falkenau. 

Junior member—Franklin Booth. 

Associate—E. C. Sessions. 

The following names were proposed: 

For members — Frederick. Tardif, marine engineer, 
proposed by J.P. F. Kuhlmann, H.C. Behr and Geo. F. 
Schild; Albert Van der Naillen, civil engineer, proposed 
by Otto von Geldern, Frank Soulé and Geo. FI. Schild; 
J.M. Cunningham, mining engineer, proposed by Lu- 
ther Wagoner, H. C. Behr and Otto von Geldern; E. J. 


Shrader, mechanical engineer, proposed by H. C. Behr, 
Geo. F. Schild and John Richards. 


The Secretary read a notice calling attention to the 
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benefit that would be derived by reducing the dues of 
the associate members, stating his reasons for such a 
change, and proposed that Article VII of the By-Laws, 
prescribing a fee of $5, and yearly dues of $12 for an 
associate member shall be changed so as to read: $6.00 
yearly dues without an admission fee. 


Mr. R. Hinchliffe then read a paper entitled, ‘‘ Hall’s 
Hydro-Steam Elevator.”’ The discussion of the subject 
was ordered postponed until the next regular meeting. 


Mr. F. Gutzkow exhibited a steam injector, machine- 
shop made, for raising acid liquids, an invention of his, 
which he described to the Society. 


Mr. W. N. Anderson, of San Rafael, brought to the 
notice of the members an improvement in passenger 
elevators, consisting of sets of self-opening and closing 
double doors, intended to shut off the draught in the 
elevator shaft. He successfully manipulated a model of 
this device. i 


Meeting adjourned. 





REGULAR MEETING. 
June 6, 1891, 
Called to order at 8:50 p. M., by President John Rich- 
ards. . 

The minutes of the last regular meeting were read and 
approved. 

The following were elected members of the Society: 
Frederick Tardif, Albert Van der Naillen, J. M. Cun- 
ningham and E. J. Shrader. 

The following names were proposed, and disposed of 
in the usual way: 
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For members—Albert Carl Paulsmeier, mechanical 
engineer, proposed by H. C. Behr, Geo. F. Schild and 
John Norbom; Charles Henry Congdon, civil engineer 
(Tulare), proposed by P. J. Flynn, P. M. Norboe and 
Wm. Irelan, Jr.; B. L. McCoy, County Surveyor Butte 
Co., proposed by Luther Wagoner, Adolph Lietz and 
Otto von Geldern; O. C. Sanne, marine engineer, pro- 
posed by Geo. F. Schild, John Norbom and H. C. Behr: 
Lucien N. Sullivan, mechanical engineer, proposed by 


John Norbom, Geo. F. Schild and H. C. Behr. 


For junior—Ernest McCullough, surveyor, proposed 
by Marsden Manson, A. T. Herrmann and W. G. Ray- 
mond. 


For associates—S. A. Sanderson, proposed by Luther 
Wagoner, Otto von Geldern and Geo. F. Schild; Chas. 
Floyd Barcus, proposed by Luther Wagoner, Frank 
Reade and Otto von Geldern. 


Received the Annual Report of the Chief of Engi- 
neers, U.S. Army, 1890, in four parts. Also Annual 
Reports of the U. S. Coast and Geodetic Survey, 1882 to 
1889 inclusive. 


Mr. Luther Wagoner submitted the following resolu- 


tion, which was seconded by Mr. Hermann Kower: 
“That Article IV of the By-Laws be changed in Sec- 


tion 1, by striking out the seventh, eighth, ninth and 
tenth clauses of the order of business; and that the sub- 
jects embraced in said clauses thus omitted be consid- 
ered at a special meeting, to be called by the President, 
in accordance with Article 1, Section 3 of the By-Laws.” 


The resolution made by the Secretary at the last regu- 
lar meeting, to reduce the admission fee and dues of the 
associate member was brought up, and, upon motion, 
laid over until the next regular meeting. | 
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Professor Frank Soulé read a paper prepared by Mr. 
Jerome Newman, civil engineer, a resident of Tacoma, 
Washington, entitled ‘‘ Bridge Analysis.”’ It embraced 
the determination of certain required values in con- 
struction by grapho-statics. | 


After the reading of this paper, a general discussion 
of the subject of the last meeting of the Society, ‘‘Hall’s 
Hydro-Steam Elevator,” was in order, and carried on 
during the remainder of the evening. 


Adjourned. 





PUBLIC MEETING. 


June 19, 1891: 
A public meeting was held on this evening, the occa- 
sion being an address by Commander H. C. Taylor, U. 
S. Navy, before the Society, on the subject of the Nicara- 
eua Canal and its relation to the future trade of the 
Pacific Coast: 


After the address, the Hon. Warner Miller, President 
of the Nicaragua Canal Construction Company, made 
some remarks, referring to the work thus far done; to 
the improvement of the entrance of the harbor at Grey- 
town; to the railway built across the swamps of the lower 
San Juan River; to the extensive and thorough investi- 
gations and surveys of the locality, and the trustworthy 
estimates based thereupon as to the cost of the great 
enterprise. He described the proposed water-way from. 
the Atlantic to Lake Nicaragua and to the Pacific Coast, 
touching upon the engineering questions Involved in a 
general way. 


Before the close of the meeting, Mr. Marsden Manson 
offered the following resolution, which was adopted: 
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‘WHEREAS, The Technical Society of the Pacific Coast 
has watched with interest the development of plans for 
opening a Ship Canal through Nicaragua, and has made 
the technical details of the work a subject of study; and, 


“WHEREAS, The plans proposed here to-night fully sat- 
isfy us of the entire feasibility of the engineering project, 
and being fully convinced that the completion of this 
great work will be of the utmost importance to San 
Francisco, California and the whole Pacific Coast; there- 
fore be it 


‘“Resolved, ‘That this Society is warmly in favor of this 
noble enterprise, and urges upon its members the further 
and close study of its various features, and the promul- 
gation of the results of such study, and the dissemina- 
tion of accurate information thus obtained throughout 
the Pacific Coast and the whole country. And be it 
further 


‘‘Resolved, That, recognizing these great features of 
an engineering work and the influence upon the com- 
merce of the world, that the President of this Society 
appoint a committee of three members, to be known as 
the Nicaragua Canal Committee, which shall make the 
canal its special study, and communicate from time to 
time to the Society matters of technical and general in- 
terest which may arise in the course of the work. 


‘Resolved, That a copy of these resolutions, suitably 
indorsed, be presented to the Hon. Warner Miller, Presi- 
dent of the Nicaragua Canal Construction Company.” 


(The President subsequently appointed on this com- 
mittee Messrs. Otto von Geldern, Ross E. Browne and 
AC Uiesilerrimaui. | 
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June 20, 1891. 
Upon an invitation from Mr. Adolph Sutro, a number 
of the members of the Technical Society, with the Hon. 
Warner Miller and Commander H. C. Taylor, U. 5S. 
Navy, met at Sutro Heights and were entertained by 
Mr. Sutro. After a bountiful luncheon, addresses were 
made until the return of the party to town. The 
thanks of the Society were tendered Mr. Sutro for the 
entertainment, which proved a most enjoyable affair to 

all who participated. 
OTto VON GGELDERN, 
Secretary. 
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THE CAUSE OF THE GLACIAL PERIOD 


AND 
AN EXPLANATION OF GEOLOGICAL CLIMATES, 


By Marspen Mawson, C. E., Mem. Trcu. Soc. P. C. 


[Read September 14th, 1891.] 
The cause of the Glacial Period. 


‘This is confessedly one of the most difficult ques- 
tions in geology.’’* 

The master minds of the science have advanced many 
ingenious theories to account for the remarkable and 
stupendous phenomena presented by the Glacial Period; 
but their arguments and presentations have not been 
such as to convince the scientific world of the correct- 
ness and sufficiency of the causes assigned. 

The mass of evidence proving the reality of such a 
period has for years been overwhelming, and the traces 
of its action have been mapped with considerable ac- 
curacy. Even the thickness and direction of movement 
of the great continental ice sheets are approximately 
known over a large portion of the North Polar and 
North Temperate Zones, so that scientists have ceased 
to search with eagerness for further facts in the all ab- 
sorbing question, the cause. 

The most prominent of the theories advanced to ac- 





* Elements of Geology, Le Conte, p. 575, 2d Ed. 
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count for the wonderful phases of climate presented by 
the Glacial Period are: 

(1) A decrease in the original heat of the globe. 

(2) Changes in the elevation of land and consequent 
variations in the distribution of land and water. 

(3) Changes in the obliquity of the axis of the earth. 

(4) <A period of greater moisture in the atmosphere. 

(5) A variation in the amount of heat radiated by 
the sun. | 

(6) <A variation in the heat-absorbing power of the 
sun’s atmosphere. 

(7) Variations in the temperature of space. 

(8) A coincidence of an Aphelion winter with a 
period of maximum excentricity of the earth’s orbit. 

(9) A combination of (8) and (2). 

Of these theories it may be remarked: 

That (1) 1s a theorem long since demonstrated, but 
will not account for the disappearance of the Glacial 
Periods 

(2) Is an assumption not entirely warranted by the 
facts. Variations in elevation cause /ocal variations in 
climate, but are not productive of such wide-spread 
climatic conditions as are furnished by the Glacial Pe- 
riod. ‘This theory is presented and ingeniously main- 
tained by Sir. Charles Lyell. 

(3) Does not account for the great extent of glacia- 
tion between the Tertiary Period and the modern Era. 

(4) An undeniable corollary of (1), but inadequate 
in itself to account for the disappearance of the ice en- 
velope. 

(5), (6) and (7) are pure assumptions in support of 
which neither facts, nor other proofs have been brought 
forward. 

(8) is the beautiful and elaborate theory presented 
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by Dr. James Croll in his profound works, Climate and 
Time, and Climate and Cosmology. The causes as- 
signed in this theory are inadequate to account for the 
effects, and necessarily imply a recurrence of glacial 
periods, of which there are no definite proofs. 

(9) is advanced by Mr. Alfred Russell Wallace in his 
elaborate and valuable work Island Life. He accepts 
Dr. Croll’s theory, with the modification of engrafting 
upon it changes of land elevations and consequent varia- 
tions in the distribution of land and water. Of this 
theory, Prof. Le Conte remarks that it ‘‘ seems to be by 
far the most probable yet presented.’’* 


Thus we see:—(w) That the astronomer has been 
called upon to calculate the effect of shght variations in 
the relative positions, distances and polarity of the earth 
and sun during vast periods of:time. The profound 
researches of the devotees of that science, have been 
convincing as to the activity and approximate effect of 
the variations considered; the accuracy of their deduc- 
tions cannot be impeached; the past, present and future 
activity of these influences has been pointed out, but their 
efficiency to produce a Glacial Period has not been dem- 
onstrated. 


(6) That the student of cosmology has been asked 
to make an intelligent guess at the variations of the in- 
tense cold of interplanetary space, or to prove that the 
sun at some remote period emitted less heat during the 
Glacial Period than before or since; or at least, that if 
emitted, it was conveniently absorbed in the atmosphere 
supposed to surround that luminary. 


(c), That the geologist has reckoned upon the iphiene 
al and subsidence of the crust of the earth, because the 


*Elements of Geology, 2d Ed., p. 578. 
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climates and conditions of the Glacial Period would not 
fit present elevations and present climates, and were 
inexplicable under present geographical conditions. 

Of all the theories so far advanced, none have been 
presented so.as to, carry conviction to the searcher for 
truth, and upon even the most plausible (9) the’ homely 
Scotch verdict of ‘‘not proven” has been passed by a 
high authority upon this subject, in his words previously 
quoted, that it ‘‘ seems to be by far the most probable yet 
presented.” 

Thus the vast array of facts, collected through the un- 
tiring energies and devotion of the students of Geology, 
has not yet been satisfactorily interpreted. They have 
proved beyond controversy that in the North Frigid Zone 
the order of climates has been (1) torrid, (2) temperate, 
(3) frigid. In the Temperate Zones the order of climates 
has been more complicated, for whilst this order has 
been the same as in the frigid, a return to moderate 
temperatures has been made, but this return has not 
been along the isotherms antedating the Glacial Period. 
This is a highly significant fact, and it will be reverted 
to later. In the Torrid Zone the order has been the 
same as at the poles, although the mass of facts yet col- 
lected has not been so overwheJming as in the Temper- 
ate and North Frigid Zones, but in portions, at least, of 
the Torrid Zone, a tropical climate now prevails over a 
once glaciated area.* .We can thus be warranted in 
a very justifiable conclusion, that between these extreme 
variations of torrid, frigid, then torrid again, two tem- 
perate periods intervened. 

Of the past existence of these climates there is no 
mistake. Fossil life has recorded the temperatures and 





*Geological Sketches. Agassiz, p. 154, et seq. 
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conditions of past eras over the whole globe. When it 
was too hot. for even torrid plant life, that fact has been 
‘unmistakably recorded in the azoic rocks: when the 
most torrid plant life alone existed, the evidence is in- 
disputable from the equator to the poles: when the 
climate moderated so as to reach a temperate phase, 
there are no torrid types, nor glacial striz to mislead; so 
also, when the conditions were such as to bury all be- 
neath a mass of ice, of which we have as jyet but a 
meager grasp, the evidences are abundant and convinc- 
ing, not only as to the intensity of the cold, but as to the 
approximate depth, extent and lines of dispersion of the 
continental ice caps thereby produced. 

The facts have been collected from every quarter of 
the globe accessible to man. They cannot be disputed; 
the only difficulties are to grasp them all, and to inter- 
pret them correctly. 

GENERAL REMARKS ON CLIMATES. 


From the Archaean Era to the present time, surface 
temperatures or climates have been established under 
one or the other of two conditions of exposure: 

Ist. Either earth heat and solar heat combined; or, 

2d. Solar heat alone. 

There can be no question regarding the dominating 
power of solar heat in absolutely controlling climates 
since the Glacial Period. If those prior to the culmina- 
tion of that Period present radical differences, we must 
attribute such differences to a combination of earth heat 
and solar heat, for we cannot assume that luminary to 
have been inactive at any period of cosmological time 
during which the earth has existed. It is probable that 
as the supply of energy in that vast source is less than 
infinite, it is undergoing loss, which loss since the 
Glacial Period is not appreciable. 
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In order to fully understand the universal acceptance 
of the premises to be stated in a general proposition 
below, the following quotation is introduced from a re- 
cent edition of Warren’s Physical Geography, edited by 
Prof. W. H- Brewer, of Yale College. 


‘‘ORIGIN OF THE EARTH.” — 


* * * * 


‘* At a remote period of its existence, it was a melted fiery 
ball, surrounded by a thick atmosphere of gases and vapors.” * * * 
‘‘In the course of ages, this fiery ball cooled off, and a solid crust of rock 
formed on the surface. As the ball shrunk by cooling, the crust wrinkled 
and cracked, and was thrown into ridges and valleys; meanwhile the 
waters condensed and ran into the hollows. The interior is still hot, but 
the crust is now so thick that but little of the interior heat escapes. The 
present heat of the surface is derived almost entirely from the sun.”’ 
Page 11 of work cited. 


It will also be universally admitted that the solar sys- 
tem is too remote from outside sources for its members 
to be exposed to any appreciable heat except solar heat, 
and the resident internal heat of the particular member 
of the solar system considered. So that in the general 
study of geological climates but two causes can be recog- 
nized. | 


(1.) A combination of solar and internal heat; 
(2.) Solar heat alone. 


During the existence of the dual source of heat, the 
functions of the two were different, and hence the effects 
of the single source present marked variations from the 
effects produced during the activity of both sources. 

A brief study of this condition will subsequently be 
presented as- explanatory of the variations of climate 
before and after the glacial period. 
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THE GENERAL PROPOSITION. 


Given—a heated globe, constituted and circumstanced as 
the earth, and whose surface temperatures, by reason of intes- 
nal heat, are above the boiling point of water—to prove that 
before its surface temperatures can pass under the control 
of solar heat, the continental wreas must be glaciated.* 


It will be observed that the surface temperatures of a 
globe thus situated, are entirely controlled by its own 
internal or earth heat; for between such surface and any 
external source, a dense cloud of vapor must exist. The 
fact that direct or radiant heat rays cannot pass through 
dense fogs and clouds is well known. Therefore, a globe 
thus situated can neither give off, nor receive radiant 
heat. The peculiar function of-solar heat, during the 
existence of appreciable quantities of earth heat, was to 
warm the upper regions of the atmosphere exposed to its 
action, thus retarding the action of the cold of space in 
exhausting the earth heat. 

By the conditions of the problem presented, we thus 
have a globe, having resident in its mass a finite quan- 
tity of heat exposed to loss only by means of the gradual 
expansion of water into vapor, and the exposure of this 
vapor to the cold of space. This vapor would then, as 
rain, snow or hail descend all, or part of the way to the 
earth, receive another increment of heat and ascend as 
before. A slow process, but exhaustive in time.., 

Thus the property of water to assume three forms, 





“The proposition here stated is applicable to any planet. It is probable 
that Mars, Venus and Mercury have passed. through periods correspond- 
ing to our glacial period, and that Jupiter, Saturn, Uranus and Neptune 
have not reached theirs: The case of Saturn is particularly interesting 
in the rings surrounding that planet. It is suggested that they may be 
rings of ice, frozen from the vapor driven off by internal heat; whether 
this phenomenon is due to an excess of water present upon that planet, 
or is a phase of all in one period of their climatic development, is left for 
other discussion. 
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each of which possesses remarkable qualities with regard 
to heat and cold, afforded the only means for exhausting 
the earth heat. As vapor, its storage of heat exceeds that 
of any other known substance; as snow or ice, its storage 
of cold is greater than that of any other known sub- 
stance. The function of solar heat, until this process 
ceased from, the exhaustion of earth heat, was simply 
conservative; it merely warmed the upper layers of the 
atmosphere, through whose dense vapor its heat rays 
could not pass. Light rays penetrate clouds with more 
facility, and hence reached the earth earler than heat 
rays. : 

The earth may thus be regarded as having been sur- 
rounded by a series of spheroidal isothermal shells of 
mean temperatures. The one next the surface repre- 
sented a mean temperature of 212°+t° Far.; t being 
positive, and proportioned to the increased pressure of 
the dense atmosphere existing. Above this isothermal 
shell were others representing mean temperatures of 
90°, 60°, 32° Zero, etc. to — x° Far., the extreme cold of 
interplanetary space. Between the two spheroidal iso- 
therms of 382° and —x® Far., was one which had a mean 
temperature of 32° — y°, and equally exposed to both 
sources of heat. 

That the spheroidal isotherm of 32° Far. was within 
the sphere of influence of earth heat, is proven by the for- 
mation of snow or ice at that temperature, both being the 
resultant of vapor expanded and raised by earth heat to 
that height as a minimum. Moreover, vapor would 
reach that height as a minimum, were solar heat sus- 
pended for a definite period, and the earth absolutely ex- 
posed to the intense cold of space. 

The isothermal shells nearest the earth were spheroidal 
in shape, and by reason of the conditions, their surfaces 
were practically parallel with that of the earth; those 
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most remote from the earth, by reason of solar influence, 
protruded at the equator and flattened at the poles, so 
as to be slightly more oblate than the earth; they were 
sensibly parallel with the spheroidal isotherm now 
marked by the ‘‘snow line.’”’ Hence at the equator the 
direct action of the sun was first felt and established. 
As the earth heat was a finite quantity exposed to loss, 
it was in time exhausted: As this loss proceeded, these 
spheroidal isothermal shells of mean temperatures shrunk 
in upon the earth, and their contact with its surface 
marked the zones of corresponding climates prevail- 
ing during the dual source of heat. As these cli- 
mates were independent of direct solar heat, they 
varied from the climates established by solar — heat 
alone. Hence the marked difference between climates 
antedating, and succeeding the glacial period. The iso- 
therms preceding this period were dependent almost en- 
tirely upon elevation above sea level, fractures and con- 
ductivity of the earth’s crust; those succeeding it are 
dependent upon proximity to the equator, elevation 
above sea level, and the distribution of heat by ocean 
currents. 

At the expiration of a period of time T. the earth lost 
sufficient heat to cause the isothermal shell of 90° Far. 
to shrink to the surface except at fractures, and a par- 
tictilarly uniform, moist and highly torrid climate was 
established, and types of life developed, culminating in 
the Carboniferous Period. 

The crust cooled sufficiently to permit the demarkation 
of the continental areas, but the cooling did not proceed 
to that point which upheaved the massive mountain 
ranges, nor greatly depressed the ocean areas. There- 
fore, an era of low, flat continents, and shallow hot seas, 
followed. The life of that period abundantly shows 
this condition from one pole to the other, and the pre- 
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vailing temperature is. distinctly recorded in the fossil 
life of the Paleozoic Era. 

Light rays reached the surface prior to this time, as 
evidenced by the development of visual organs in animal 
life. The greater part of the vapors and gases existing 
previously in the atmosphere were condensed, and existed 
upon the surface; the vapors as highly heated oceans, 
and the gases in various combinations of the mineral 
and life kingdoms. Now in the oceans thus formed and 
further enlarged, there was stored up a vast quantity of 
the original earth heat, by reason of the high specific heat of 
water, from which it was not exhausted until the last mo- 
ment, andin this process of exhaustion 1t must have main- 
tained the cloud shield, shutting out solar heat until the 
last remnant of available earth heat was exhausted. Not 
only this, the oceans thus formed had a mean temperature 
of 90° + 2° Far.; z being a positive increment due to the 
heat received from the bottoms and sides of the ocean. 
Not until the bottoms of the oceans were subjected 
to a degree of cold approximating that to which the con- 
tinental areas were exposed, could the solid crust be 
cooled uniformly, and reach that degree of stability 
suitable to the safety and comfort of the human race. 

At the expiration of the period of time T’ the spher- 
oidal isothermal shell having a mean temperature of 60° 
Far., similarly shrunk to the surface of the earth, and a 
corresponding uniformly temperate climate was estab- 
lished. 

The further cooling of the crust caused its shrinkage, 
and a consequent greater upheaval of those areas most 
exposed to loss of heat, the continents. This further 
shrinkage caused the strata built up during the previous 
eras to be upheaved and fractured, and the lines of 
demarkation between oceans and continents were thus 
more strongly accentuated. 
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The life developed in the interim, evidences an ap- 
proach to that of the present, and.its wide distribution 
demonstrates the complete control-of the climates of the 
globe by internal heat. The isothermal lines were | 
entirely at variance with those established by solar heat, 
therefore the functions of solar heat remained conserva- 
tive of those operating on the surface during this period 
also. : : 

The extreme and uniform distribution of fur or hair- 
covered animals, and of the deciduous. and coniferous 
trees of the Cenozoic Era mark further the control of a 
source of heat more uniformly distributed than solar 
heat could possibly be. -For reasons previously given, 
this isotherm also reached continental areas earlier than 
ocean areas. When the mean temperature of .the land 
was 60° the tepid oceans must have had a mean temper- 
ature of 60° + y° Far., y, like z, being positive, and 
due to increments of earth heat received from the 
bottom. 

At the expiration of this period T’, or at some time, 
T’+ a, the isothermal shell of 32° Far. shrunk so as to 
reach the more elevated portions of the continental 
areas, and thus established a snow line independent of 
the influences now establishing and maintaining such 
snow line. The moment a snowflake reached the earth 
which the waning earth heat was unable to melt, the 
Glacial Period was inaugurated; and the conditions were 
such as to favor its extension until the exhaustion of the 
store of heat beneath the oceans and resident in them, by 
reason of the high specific heat of water. It will be noted 
here that whenever, in obedience to the expansive force 
of this waning earth heat, a particle of water was vapor- 
ized, and made the last round of its circulation, it 
returned to the earth in that form which stored the 
maximum degree of cold; or, in other words, in that 
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form which required the maximum amount of solar heat 
to change. From the moment that snow began to accu- 
mulate every remaining vestige of earth heat was available 
for producing those conditions favorable to glaciation, 
namely: warm seas, dense fogs and cold continental areas; 
and every unit of solar energy reaching the upper re- 
gions of the atmosphere was available for maintaining 
those favorable conditions. Glaciation under these con-- 
ditions would be cumulative until the oceans, exhausted 
of their heat, were no longer able to supply the moist- 
ure necessary to completely shroud the earth from di- 
rect solar heat. 

At the expiration of the time T’’, the isothermal shell 
having a mean temperature of 32° Far. shrunk in upon 
the globe and the oceans were exhausted of their store 
of heat and their bottoms brought in contact with water, 
having 4 mean temperature of 31° Far., a temperature 
approximating that of the ocean depths at present, and 
of ice In masses. 

The isothermal shell 32° Far. having been spheroidal 
in shape, but more flattened in the prolongation of the 
axis of the earth than the earth itself, reached polar 
land areas prior to reaching equatorial land areas, and 
by reason of the high specific heat of water, reached 
continental areas, prior to reaching ocean areas. Thus 
the same forces which even before the Eras we have 
been considering, must have built up upon the surface 
of the globe mineral forms of surpassing beauty, only 
to be destroyed and ground down to give place to veget- 
able and animal forms of wonderful development—these 
same forces were called upon to well nigh obliterate 
every living individual of both kingdoms. The effi- 
ciency of their work is attested in every zone of life 
from the equator to the poles. 
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The exhaustion of the residiuum of earth heat in the 
oceans and beneath them, could only have been accom- 
plished by the same means as before, and this exhaustion 
resulted in the preservation of those conditions most 
favorable‘to glaciation. When by the chilling of the 
oceans to about 31° Far. and by the glaciation of conti- 
nental areas, the air was cleared of obscuring clouds 
‘and fogs, the wonderfully uniform series of climates 
was at an end. 

With the dominion of solar heat, began seasons of 
spring, summer, autumn and winter, with the varying 
changes of the earth’s annual round. 

The climatic changes during the control of earth 
heat extended over eras:— 

1st. An era of torrid heat. 

2d. An era of tropical heat. 

3d. An era of temperate heat. 

4th. An era of glacial cold. 

Kach merged gradually into the others, but each re- 
corded its period of existence in unmistakable terms; 
all shrouded from the direct action of solar heat, and 
all evidencing by the life produced, the stifling, smoth- 
ered character of the climate. 

That solar heat was shut out from the surface of the 
earth during the Glacial Period, is geologically recorded 
in the glaciation of the North Temperate Zone over 
continental areas where solar energy has removed gla- 
cial cold and established in its stead, a mean annual 
temperature of 40° Far.; and in the torrid zone it has 
removed glacial cold and established a mean annual 
temperature of 76° Far. where snow never falls.* 

Consequently, ina heated globe, constituted and cir- 
cumstanced as the earth, exposed to two sources of heat, 





nGlantenicnh ‘dicatated PES p. 154, et seq. 
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internal heat and solar heat, before its climates or sur- 
face temperatures can pass under the control of solar 
heat, the continental areas must be glaciated. 


AN EXPLANATION OF GEOLOGICAL CLIMATES. 


The dawn of the Archaean Era found the earth a 
heated globe merging from an era of greater heat. The 
crystalline character of the earliest rocks demonstrates 
the high temperature which prevailed upon the surface 
at that time. Such being the temperature of the sur- 
face, it is beyond question that the existence of uncom- 
bined water upon it was an impossibility, and as vapor 
it could only shroud the earth in dense clouds. The 
earth heat was as effectually shut 2m from loss by radia- 
tion, as was solar heat shut owt from reaching the 
surface. 

As this finite amount of earth heat could only escape 
by doing work in the expanding of water to vapor, vast 
eras of time must elapse before the work done could 
exhaust the available heat. The process of exhaustion 
was further retarded by two causes: Ist, the heating of 
the outer layers of the atmosphere by solar heat, and, 
2d, the low conductivity of the strata of the earth itself. 
Consequently the climates of the earth, until the final 
exhaustion of earth heat, were of remarkable uniformity. 
The faults and fractures of its crust set free additional 
increments of heat but slowly, so that the torrid, 
tropical and temperate eras were each longer than the 
frigid era. It is not improbable that upon certain of 
the oldest mountains glaciation was inaugurated during 
the early part of the Cenozoic Era, to slowly disappear 
from the gradual setting free of earth heat by vast 
fractures of the crust. This readily accounts for the 
‘‘ Interglacial Periods,” which were probably local phe- 
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nomena antedating the Glacial Period. It is neither 
logical nor reasonable to interpret the finding of evi- 
dences of early local glaciation into a Glacial Period, for 
glaciations are found now in the Alps and upon certain 
peaks of the Sierra Nevada, and even in the torrid zone, 
but they by no means establish the present existence of 
a Glacial Period. 

Once realize that the surface temperatures of the globe 
were at one Era in the past too high by reason of 
internal heat to permit water to remain upon the surface, 
and that water possesses the highest specific heat of any 
known substance, and follow out these facts to their 
natural and logical conclusion and the whole mystery of 
geological climates clears up and becomes simple. 


Climatic Facts E'stablished by Fossil Life. 


It would be impossible in the limits to which it is 
necessary to restrict this paper to review the vast array 
of facts which could be brought forward to demonstrate 
the perfectly uniform, torrid character of the climates of 
the globe during the Paleozoic Era. 

From the 75th degree of north latitude through every 
range of present climates to the confines of the south 
frigid zone, the life systems attest the stifling, hot-house 
character of the heat. The species of plant life and 
animal life, whether of land or aquatic forms, varied 
less in the torrid and the north frigid zones than corres- 
ponding species upon different continents in the same 
zone do now. Nowhere below the Permian deposits can 
fossil life be recognized that does not belong to an ultra 
tropical type. Such uniformity of temperature is 1m- 
possible under solar control; and hence can only belong 
to a climate controlled by earth heat. 

This era merged gradually into the Mesozoic Era of 
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tropical heat; during which the forms of hfe developed 
into higher types, and their range of distribution demon- 
strates the still perfect control of earth heat. One pecu- 
lar and significant fact 1s recognizable in comparing 
the land forms with the aquatic forms of life. The for- 
mer developed types more suitable to tropical climates, 
while the latter held more tenaciously to the torrid types, 
thus proving the more rapid loss of heat by the conti- 
nents. 

The fossil life of the Cenozoic Era corroborates to a 
remarkable degree the still perfect control of earth heat. 
Throughout Greenland, Iceland, Lapland and Spitzber- 
gen, a perfectly uniform and temperate climate existed. 
The magnolia of the lower Mississippi valley flourished 
in those localities, in which during the Paleozoic Era, 
only the gigantic Ferns, Lycopods and Calamites 
could be found, and where now, only a stunted Arctic 
growth can exist. 

During this era identical types of life existed in all 
parts of Europe, Asia and America, and a uniformly 
temperate climate prevailed over the whole northern 
hemisphere, entirely at variance with the extreme range 
of temperatures now embraced in that half of the globe. 

The control of the waning earth heat was simply dying 
out, and had reached that stage in which it was no 
longer able to maintain the high temperatures of pre- 
vious eras. 

Again does the high specific heat of water assert it- 
self, for alongside of these forms, are aquatic fossils in- 
dicative of a higher temperature. 

The evidence that the high specific heat of water held 
the last available remnant of earth heat, and thus per- 
petuated its control of climates, is beyond dispute as 


presented by the conditions culminating in the Glacial 
Period. 
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‘Whatever may be the doubts, as to the actual date of 
the Glacial Period, there is no disputing the fact that 
the evidences establishing the culmination of that Period 
are found above or since the Tertiary, and below or before 
the Modern Era. 

Between these two consecutive periods there is abun- 
dant evidence from every climate, from every zone of 
present life, that the continents were glaciated. 

Europe and Asia,* Northy and South} America,/ 
Africa || and Australia, {| all, present glacial strise, bowlder 
deposits, and other marked evidences of glaciation at 
the same period, just antedating the Modern Era, or 
during the early Quarternary Period. 

The ascription of great elevations above sea level 
during the Glacial Period is natural, and such apparent 
greater elevation 1s due to two causes during this period, 
whilst due to only one cause during previous eras. As 
the surface of the earth became subjected to a tempera- 
ture of 31 degrees Far. under the oceans, and a corre- 
sponding temperature under the continental ice caps, 
contraction and consequent elevation was continued as 
before; and as snow was piled up upon the continents, 
water was withdrawn from the oceans; for each million 
square miles of continental ice cap three hundred feet 
thick, a corresponding three million square miles of 
ocean was lowered one hundred feet. The continental 





* The Great Ice Age, Geike. 
+t The Ice Age in North America, Wright. 
t Geological Sketches, Agassiz. 


§ The northern part of South America at present having a mean an- 
nual temperature of 76 degrees Far. 


|| Geology of South Africa, Stow; Quarterly Jour. Geological Society, 
Vols. 17 and 18. 


4| Climate and Time, Croll, p. 295. 
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ice caps already approximately known, were too vast 
not to have lowered the sea level to a marked degree. 

The apparent depression after the Glacial Period is as 
easily explained. By the melting of the greater portion 
of the ice caps, and the evaporation of vast inland seas, 
the sea was approximately restored to the level existing 
prior to the Glacial Period, thus causing an apparent 
sinking of the land. | 

The great difference between climatic conditions prior 
to and since the Glacial Period, is very marked around 
inland seas and basins without drainage. Lake Bonne- 
ville, Lake Agassiz and Lake Lahontan in the United 
States, and the greater area once occupied by the Caspian 
and other seas evidence the superior dampness and rain- 
fall antedating the Glacial Period. During the control 
of earth heat the oceans were heated to their bottoms, 
and furnished moisture enough to keep these great de- 
pressions full of water, and to support a dense life upon 
now desert areas. The dry air of the modern era has 
not only absorbed the water in these vast lakes, and 
restored it to the oceans, but vast areas have been con- 
verted into deserts by the unequal distribution of heat 
and moisture under solar control. 

Thus the Glacial Period, or better, The Great Ice Age, 
marks the date at which the climates of the globe passed 
from the control of earth heat to that of solar heat. The 
great specific heat of water retained in the oceans the 
energy necessary to maintain the cloud shield shutting 
out solar heat until both land and ocean areas could be 
equally cooled and contracted, thus ensuring the maxi- 
mum degree of stability to the crust. The mysteries of 
geological climates develop thus into a system beauti- 
tiful in its simplicity. 
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RECAPITULATION. 


The objects of this paper are to demonstrate: 

Ist. That in the passage of the earth from an era dur- 
ing which its climates have been controlled by internal 
heat, into an era during which its climates are con- 
trolled by solar heat, a Glacial Period must intervene. 

2d. That the direct cawse of the Glacial Period was a 
combination of the remarkable properties, in relation to 
heat and cold, possessed by the various forms of water: 

As vapor, it prevented the loss or receipt of heat by: 
radiation ;— 

As water, by reason of its high specific heat, it re- 
tained to the last moment the effective remnant of earth 
heat ;— 

As ice, it assumed a solid form, storing the maximum 
amount of cold. 

3d. That through all geological time to the culmina- 
tion of the Glacial Period, solar heat was only conservative 
of earth heat. 

Whether these objects have been attained the scientists 
of the world must judge. 





DISCUSSION. 


Mr. C. E. Grunsky—lI have followed the reading of 
Mr. Manson’s paper with close attention, and regret that 
J am not sufficiently familiar with the earliest forms of 
life to express an off-hand opinion as to whether Mr. 
Manson’s explanation of the cause of the great ice age 
will harmonize fully with the development of animal and 
plant life as revealed by geological records antedating 
the glacial period. However this may be, Mr. Manson 
is to be complimented on the clear presentation of the 
results of his study, and on his attempt to explain the 
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occurrence of the ice age, within the pale of known 
physical laws. 

Having no evidence to the contrary, it is reasonable to 
presume that while the earth’s crust was cooling from a 
molten state to its present temperature, the elements, 
oxygen and hydrogen, were continuously combined as 
water to the same extent as at present; that the nitro- 
gen and oxygen now in the atmosphere were continu- 
ously free in about the same quantity as at present, and 
that certain other gases now forming part of solids and 
liquids were components of the atmosphere surrounding 
the earth, before the temperature had been reduced suffi- 
ciently to sustain plant and animal life. 

The weight of the water upon the surface of the globe 
is at least twenty times as great as the weight of the 
atmosphere at present surrounding the earth. This 
vast weight of water at one time enveloped the earth in 
the form of vapor, and, according to the known laws of 
diffusion of gases, steam, nitrogen, oxygen and prob- 
ably very large quantities of carbonic acid gas, must 
have been intimately intermingled in the humid atmos- 
phere which was about the earth at the time when the 
temperature at its surface fell to the boiling point of 
water. : 

In this atmosphere water predominated. Failing to 
the earth it was speedily evaporated; it rose in the form 
of superheated steam at temperatures possibly in excess 
of 400° F.; it lost its latent heat into space and was 
frozen; rotating with the earth, it may have at one time 
formed a continuous ice ring, floating in space around 
the earth above the equator. ) | 

As the period of intense heat during which the atmos- 
phere may have been as transparent as to-day, was fol- 
lowed by a period during which the radiation of terres- 
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trial heat was insufficient to maintain the surrounding 
vapor in a superheated condition, in which period the 
ice rings above and encircling the earth may have ex- 
isted, so this period was followed by another, in which 
the heat supplied by the earth’s crust was insufficient to 
drive off more water than would be required for the 
great cloud shield impenetrable by solar heat, yet trans- 
mitting enough light to permit of the development of 
the lowest forms of life, as described by Mr. Manson in 
his paper. At this stage in the cooling process the ice 
ring encircling the earth, if it ever existed, was disap- 
pearing; the outer layers of the atmosphere were cold, 
possibly full of snow flakes; water poured from the 
clouds in torrents and great masses of steam rolled back 
from the warm surface of the earth. Lakes were formed 
and disappeared in a day; seismic disturbances were fre- 
quent and violent; volcanoes were innumerable and 
active. Unequal heat and unequal cooling at the earth’s 
surface produced great atmospheric disturbances. It 
was a period of great and violent storms. 

Gradually the density of the clouds decrease. Enough 
light became available at this period, if Mr. Manson be 
correct in claiming that earth heat was the principal 
factor in stimulating and forcing the tremendous growth 
of plants of the carboniferous age, to enable a wonder- 
ful development of plant life, which, due to the con- 
tinuous and uniform temperature then prevailing, ex- 
tended to all parts of the globe where land was exposed 
above water. 

The radiation of heat was more rapid from land 
elevated above the surface of the ocean than from the 
portions of the earth’s crust that were submerged. Heat 
lost by radiation to the clouds, or carried off as latent 
heat by evaporating water, was not returned, except by 
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warm rains which fell equally upon land and sea. The 
theory that this cooling off must have continued while 
yet the cloud shield was almost without a rift, until 
average temperature on land fell to near the freezing 
point and thus made the ice age possible, is a very 
plausible one, and will, I believe, as soon as it is fully 
understood by scientists, be recognized as the probable 
cause of the glacial age. 
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BRIDGE ANALYSIS. 


By JEROME NEWMAN, C. E., Mem. Tecnu. Soc. P. C. 


(Read June 5th, 1891.) 


DEFINITIONS. 


In order to find the effect of a system of loads on a 
beam, it 1s best to determine the influence exerted by a 
single load in every position that it may assume, and 
from this find the effect produced by the whole number. 
We shall suppose a load, P, to move from one end of a 
beam to the other, and determine the influence on any 
fixed section for every position of P. This influence 
may be the reaction at an abutment, the shearing force 
or bending moment at any section, etc. We shall call 
the quantity discussed the ‘‘ influence-quantity ” of the 
load, P; if we lay off this quantity as an ordinate from 
a horizontal axis in the line of action of P, and join the 
ends of these ordinates, we get a line which we call the 
‘‘influence-line”’; the area limited by this line and the 
axis we Shall call the ‘‘ influence-figure.”’ 


SHAPE OF INFLUENCE - LINE. 


We shall discuss statically determinate girders only. 
In this case the point of application and the direction 
of one reaction and either the point of application or 
the direction of the other must be given, as in Fig. 1. 
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If & be the reaction on the left and A, on the right, then 
Ri = P (t—2z) and R,l = Px; now, since the values of 
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Rand fF, are of the first degree with respect to a, the 
influence-lines for the reactions, their components in 
any given direction and their moments around a fixed 
point are right lines. 

If we suppose the girder divided into two parts by a 
section, and the load to act directly on it, the only ex- 
ternal force on one part is the reaction on this part 
when the load is on the other; when the load is on the 
part considered, the external force is the other reaction, 
with a contrary sign; therefore the influence-line for 
the external force and its moment around a fixed point is 
made up of two straight lines. 

The strain on any member is proportional to the ex- 
ternal force or its moment; therefore the influence-lines 
for the strains are also composed of straight lines. 

In general, therefore, the influence-lines for the re- 
actions, external forces, moments and strains, are coim- 
posed of right lines, when the reactions are statically 
determinate and a section through the girder cuts not 
more than three members. 

If the load act indirectly (7. e., by means of cross- 
girders), assume P to lie between two of the latter; 
(Fig. 2), the pressure on HE = P“ - “, thaton &, P = : 
if Y, and Y2 are the influence-quuntities for a section be- 
tween & and F when P acts at # and F respectively, and 
Y the influence-quantity when P acts between them, 








oa 328 Oh ae we 5 wo . . . * ros 
eee + Y,— .*. the influence line is a right line 
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for any position of the load between the two cross- 
girders between which the section lies. 

Let S be the shearing force, M the moment for 
any section, and a distance from right abutment; 
if the load acts directly, and to the right of 
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the influence-line is as in Fig. 3; for indirect action of 
the load, the influence-line is shown in Fig. 4. 

If the load acts to the right of the section, M = P 
e being the distance of the section from the left abut- 
ment; if to the left of the section, M==P —e 


... the influence-line consists of two straight lines, as in 
Fig. 5; the influence-line for indirect action of the load 
is shown in Fig. 6; for a section through a cross-girder, 
however, the influence-line is the same as if the load 
acted directly on the beam. 


INFLUENCE OF A UNIFORM LOAD. 


If p is the load per unit of length of girder, the load 
on dz is pdx, and if y is the ordinate of the influence- 
line for the load unity, the influence-quantity for pd is 
y pdx; for the load on any length, Y, the influence- 
quantity, is {/pydx = Fp, F being the area of the influ- 
ence-figure corresponding to the length of the load; if 
the influence-line be constructed for p per unit, the area 
of the figure is the influence-quantity. The positive 
and negative maxima of the influence-quantity evidently 
arise from those positions of the load covering the pos- 
itive and negative portions of the influence-line. (Fig.7.) 


INFLUENCE OF AN IMMOVABLE SYSTEM OF CONCENTRATED 
LOADS. 


Let P,, Pe, P3, etc., be the concentrated loads, and 
assume each one to occur more than once; then if 
S41, ~ye, ~y3, etc., are the sums of the ordinates of the 
influence-line (for a load of unity) corresponding to the 
positions of P,, Po, P3, etc., the influence-quantity of 
the whole number is Y= P,; *y, +. Pe *y. + Ps *y3 + ... or 

Pa peo ke 


y v 14 y P; v y 
y= Pi(% + Bye ae te ) pity Be 2 
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etc., may be constructed graphically (Fig. 8); and if 
the influence-line be drawn for P,, the multiplication of 





Lisi ee 
(2 + ia Sy, + —)is rendered unnecessary. Another 
if 


method is to construct an influence-line for each load 
and add the ordinates of the lines corresponding to the 
loads and their positions. 


INFLUENCE OF A MOVABLE SYSTEM OF CONCENTRATED 
LOADS. 

The problem in this case is to find the position of the 
load causing a maximum influence-quantity. This will 
usually have to be done by tral, by finding Y for vari- 
ous positions of the system and taking the greatest value 
found. The system of loads may be laid off on a slip 
of paper, and this latter moved around along the influ- 
ence-line into the different positions that the load may 
assume. If we lay off Y along one of the loads for the 
various positions of the system and join the ends of these 
ordinates, we obtain a line which we may call the sec- 
ondary influence-line; if the influence-line is composed 
of right lines, the secondary one will be a straight line 
as long as the loads in the several parts of the influence- 
line, which are straight, remain unchanged; (since y; = 
a, AN 4 Wo == Wo tan «, .°7 VY eatanie2 Px tana 28) 
zo being distance of resultant of loads in straight part 
of influence-line from the intersection of tne axis and 
this part). The secondary influence-line will, there- 
fore, be a broken line, the corners corresponding to that 
position of the system of loads in which one of them 
crosses a corner of the original influence-line. It is 
easily seen that the corner of the secondary influence- 
line will be re-entrant or salient, according as the angle 
of the influence-line crossed by a load is re-entrant or 
salient, the ends being considered as re-entrant angles. 
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The maximum of the influence-quantity must be ata 
salient angle, .-. for a maximum of the influence-quan- 
tity a load must lie at a salient angle of the influence- 
line (Fig. 9). The maximum may happen to correspond 
to a side of the secondary influence-line; in this case, 
the position of the system of loads may be changed 
within certain limits without affecting the value of Y. 


MAXIMUM FOR TRIANGULAR INFLUENCE - FIGURE. 


Let ABC (Fig. 10) be the influence-figure, R, the 
resultant of the forces acting in AC), Rez the resultant 
of those in BC, y, the ordinate of R;, ye the ordinate of 
Reo; Y= Rh, yi + Rey. If we move the system of loads 
to the right, y, is increased by ? tan 4 and y: diminished 
by © tan #, % being the distance moved, .:. 4 Y, the 
change in Y--0 (Ri tan ¢,— Ratan @); if A, tan «4, > Re 
tan 4, 4 Y is positive, and the system must be moved to 
the right to make Y a maximum; this causes &, tan «, to 
decrease and Rz tan “ to increase, until finally Re tan ae 
> R, tan 4, when the system must be moved back to the 
left, since 4 Y is negative and Y decreases, .-. for a max- 
imum of Y, R, tan 4, must be as nearly equal as possible 
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as nearly equal as possible to a . We 
1 2 


must move the system towards the side having the lesser 


ae , until the value of for this side becomes the greater, 
and then move it back so that a load acts at CC", as 
shown previously. It may happen that the condition 
, as nearly equal as possible to a is satisfied for 


A 2 
various positions of the system, but it is evident that the 
heaviest loads must act at CC’ to produce a maximum. 


Example: Assume the influence-figure and system of 
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loads as shown in Fig. 11; if we place the system so 
that the first load acts in J,, loads 2, 3, 4 and 5 act in d, 
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system to the right; for a maximum, the second load 
must accordingly act at C. If the altitude is one, ee for 
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MAXIMUM FOR QUADRILATERAL INFLUENCE - FIGURE. 


Let A D' E* B (Wig. 12) be the influence-figure, R,, R 
and A, the resultants of the forces acting in AD, DE 
and 4B; if the system be moved ¢ to the right, 4 Y—9 
CR, tan «, -- Ruan e— Hy tania) if CO = h, DD ='h,, 
eee, (1—“), heen (1—“%), tan ae 
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Example: Let A D' £' B be the influence-figure (13); 
assume the system of loads as in the previous example; 
if we place it so that loads 1 and 2 act in D' #’, and3 


Ee PR Cy 








and 4 in £' B (Fig. 13), i ee ae 13) _ 0.98, 
RA Rae NEOs 45 ides 
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tem must be moved to the left; if we place it so that 1, 2and 
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-, it must be moved still further to the left; if 1 acts in 
PRESEN 2F atl 
Asp ands in .D! france eo, G = 
hy 
€ é R | AL gs 2 ¢ 
ee ee) 2.26 and “ a — 973 18+12) 
S) lo Zs 
= 3.66 .:. the system must be moved to the right, and 


load 1 must acti’ at D!: 


Since the two figures discussed are the influence-fig- 
ures for the moments, the latter will be a maximum, 
when the loads act as just shown; when the load is 
uniformly distributed, the whole beam must be loaded; 
as the strains in the chords are directly proportional to 
the movements at the different sections, these positions 
of the load will give the maximum strains in the mem- 
M 


d 





bers of the upper and lower chords. S' = , M being 
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the moment for the center of moments, h the perpen- 
dicular distance from this point to the member whose 
strain is to be found, and S the strain in this member 


(Fig. 14). 


MAXIMUM SHEARING FORCE FOR LOAD ACTING DIRECTLY. 


The influence figure is shown in Fig. 15. Let the 
first load of the system act just to the right of CO; S, the 
shearing force is R a , L being the resultant of all the 
forces acting, 7 the distance of R from the right abut- 
ment, and/ the length of the beam. If the system be 
moved so that the second load acts just to the right of 
C;, and if new loads having’ a resultant, Ai, at a 
distance, 71, from the right abutment, roll upon the 
R(qw7+o) + Lopgiemglae 

l 

tance moved, and P, the first load of the system. If 
Si ole ee hay —' P; | > OR ore bet = Bo ++ Rim: 
when the heaviest loads with the least distance between 
them are in front, AAS es misao 

0) [—a+to 
tance of the section from the right abutment; since 
m<?andl—at+tdé<l, Pil>RO+ Rin, therefore, 
in this case, the first load must act at C for maximum S; 
if light loads are at the head, the second load may have 
to act at C fora maximum 8S. In the same manner, we 
find that if the conditions Pil< RO+ Rim and 
Pol < Ry + Ry, % + Req are satisfied (P2 being the 
second load, %; its distance from the third, R, the result- 
ant of the new loads that roll upon the beam when the 
system is moved %, % the distance of Az from the right 
abutment), the third load must act at C to make S a 
maximum. For the negative maximum of S$; the load 


beam, S; = , © being the dis- 





, © being the dis- 
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must act from C to the left abutment, and we have sim- 
ply to change ‘‘right.’ to ‘‘left’’ in the above dis- 


cussion. 
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If the load is uniformly distributed, it must extend 
from C to B for a positive maximum, and from C to A 
for the negative maximum or the minimum. 
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MAXIMUM SHEARING FORCE FOR LOAD ACTING INDIRECTLY. 


The influence-figure in this case is shown in Fig. 16. 
If R is the resultant of all the loads acting on the beam, 
7 its distance from B, R; the resultant of the loads in 
CD, m its distance from D, S the shearing force is 
R— — Ry 

i a 
6 to the right, 7 and 7 are diminished by °%, if S, be the 


shearing force for this position, S; — S = (se = i 


ui 


, a being CD; if the system be moved 





ip: 
therefore, for a maximum of S, must be as nearly 





equal as possible to sae or the load per unit on AB 


must be as nearly equal as possible to the load per unit 
en CD, the system extending from C to B; one load 
must act at either C or D. | 

If the load be uniformly distributed, it must extend 
from # to Bto produce a maximum in the value of S, 
and from # to Ato produce a minimum. FD may be 
found as follows: In the similar triangles # B D' and 
HCO eK hee ipo: AK + BCvomier ) — 2, DB = x, 








and AB=l,a+tz:2::l—m—z: a—z, therefore, 
ae a Oe 
L—a 


In trusses with horizontal chords, the strains in the 
verticals and diagonals are proportional to the shearing 
force; therefore, the load producing a maximum shear- 
ing force produces a maximum strain in these members. 
If T be the strain in any brace, 4 the angle that it makes 
with the vertical, 7 — SS sec 4; therefore, if we substi- 
tute the value of maximum S, we obtain the maximum 
value of 7, and by substituting the minimum of S we 
obtain 7 minimum, and from this we may find the bays 
in which counterbraces are required. 
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In trusses with curved upper or lower chords, or with 
both chords curved, 7 will not be a maximum when S is. 
This is readily seen if we take the condition for equi- 
hbrium: S—C sin —(Q,sin y=T cos @ (Fig. 17); T 
does not become a maximum for S = maximum, but for 


FIGS. 





(S —C sin &—C; sin 7) = maximum, in which S, C and 
C, are all variables, depending on the position of the 
load. If we take moments around the intersection of 
the chords, Tu = Sc (Fig. 18); v = 6 cos 4, therefore 


> 


G , C 
fhe 7 sec 4, therefore 7 becomes a maximum for S — 


= maximum. For any position of a load to the right 
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of the bay in which the section is situated, c is the dis- 
tance between O and the left abutment, and } the dis- 
tance between O and F, since the only external force is 
the reaction on the left. For any position of a load to 
the left of this bay, ¢ is the distance between O and the 
right abutment, and } the distance between O and F, as 


ca ; 
before; PGT ClO Ga a constant in both cases, but 


greater in the second case than in the first. If, now, 
from the influence-line for S on both sides of the bay we 


<—— —' 7 —— —— > 














construct the influence-line for Sa this will give the 
4 


position of the load causing 7 to become a maximum. 
This may be done as follows (Fig. 19): Let B) Di Ci Ai 
be the influence-line for the section through / for the 
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shearing force, the load being assumed to act on the 
upper chord. Draw the horizontal line A2 f», then Fe 0; 
C 





and A; .B,; B, D2 is the influence-line for S for loads 


in B, D3; draw the horizontal line Bb: F3; then, 0; #3; Bs; 
and A, B3; Ai Cz is the influence-line for loads in A; (3; 
the line between C2; and PD», is straight. The influence- 
line need not be constructed for S, but A; As and B, by 
may be laid off equal to the load for which this line is to 
be drawn, and the other operations for finding the in- 


. AG Ae 
fluence-line for as performed as above. The position 
h 


° 2 G ° 
of a system of concentrated loads making S Se MCE 


mum may be found thus: Let & be the resultant of all 
the loads acting on the beam, 7 its distance from B,, Ry 
the resultant of the loads in C3; D3 in which the section is 
situated, 7 its distance from Ds, ¢ the distance 0; Aj, 
athe distance A; C3, 6b the distance O; F3; the external 


forces acting to the left of the section are R — at the 


cL: OR TODA Is 
a 


abutment A, and the downward force R, 





aye +, vf C 
strain in the number due to the former is 7, = R—— — 


sec a; that due to the latter is 7, = — R, —2 (¢ as «) 


a 
sec a; therefore the total strain — 7,,+ 7, = T= 
(a es (+2) | = —. If we move the Sys- 
a 
tem of loads 4 to the right, 7 and 7 are diminished by 
this amount, therefore 17 the change in T caused by 
this = (Ca) 
ac l b 





sec 4; for a maximum of 
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1’, and therefore of S— By \Giatee) must .be as nearly 
a 


Re _ Ri (e+ a) oe 


equal as possible to ao and a 








aC 


: > a = G . . a 
load must act at DU; or O,. li S —’ maximum is found 
) 


: j Bake 7 Be Bs 
for this position of the load, 7 maximum = ( S > Max 
h 


imum) sec 4; for the negative maximum, the distance 


A,B must be loaded ¢o that tt *) is as nearly 
(uc 


equal as possible to 





R , 

, ¢ being 0, B; and a the dis- 
tance 0, D;. This negative maximum shows in what 
bays counter-bracing is required. 


If the load be uniformly distributed, it must extend 
from # to B, for the positive maximum, and from A; to 


: : eC : 
# for the negative maximum of S— and 7; since T= 
| ) 


c ; 
S is sec ¢, the maximum of + 7= (the maximum of 


aaa =>) seca. The multiplication of S ; a Dy !s6Co ‘a 


may be performed graphically. 


From the similar triangles # D3; Dz and # C3 C2, we 
have: # D; : D3 Dz, :: HC; : C3C2, or if the influence- 








A= ¢ b—xr—a 
line be drawn for P and # Ds=¢2, 2: P ; 
0 
c+l a ~ 
Ga—2: P — .. = gig 
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MINUTES OF MEETINGS. 


REGULAR MEETING. 


July 3d, 1891. 
Called to order by President Richards. 


The minutes of the last regular meeting were read 
and approved. | 
Election to membership: 


Members—A. C. Paulsmeyer, mechanical engineer; 
Chas. H. Congdon, civil engineer; B. L. McCoy, county 
surveyor of Butte; O. C. Sanne, marine engineer; 
Lucien N. Sullivan, mechanical engineer. 


Junior—Ernest McCullough, surveyor. 


Associates—S. A. Sanderson, Chas. Floyd Barcus. 





The following names were proposed: 


For members—A. J. Brownlie, civil engineer of Port- 
land, Or., proposed by Otto von Geldern, Geo. I*. Schild 
and John B. Pitchford; Frederick T. Newbery, civil en- 
gineer, proposed by John Richards, Geo. F. Schild and 
Otto von Geldern; Emil Newman, civil engineer, pro- 
posed by Lewis Tasheira, L. A. Corneille and Otto von 
Geldern. 

For Honorary Member—Adolph Sutro, of San Fran- 
cisco, proposed by Luther Wagoner, G. W. Percy and 
John Richards. 
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The resolutions offered by Mr. Wagoner at the last 
regular meeting, regarding certain changes in the order 
of business as prescribed by the By-laws, was upon 
motion adopted. 


President Richards appointed Vice-President Wagoner 
to the chair and read a continuation of his paper en- 
titled, ‘‘Abrasive Cutting in the Mechanic Arts.” Up- 
on motion the discussion of this interesting subject was 
postponed until the next meeting. 


Mr. Marsden Manson then read a paper on ‘‘ Physical 
and Geological Traces of Permanent Cyclone Belts,” 
which led to an interesting discussion, during which a 
statement was read from Professor Le Conte, and re- 
marks were offered by Lieutenant John P. Finley, of the 
U.S. Weather Bureau. 


Meeting adjourned. 





REGULAR MEETING. 
August 7th, 1891. 
Called to order by President Richards. 


The minutes of the last regular meeting were read 
and approved. 


Election to membership: 


Members—A. J. Brownlie, civil engineer, Frederick 
T. Newberry, civil engineer, Emil Newman, civil engi- 
neer. 


Honorary Member—Adolph Sutro. 
The following names were proposed: 


For Member—J. M. Finch, mechanical engineer, pro- 


posed by Geo. F. Schild, E. J. Shrader and H. C. Behr. 
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For Associates—Jared L. Rathbone, proposed by Otto 
Von Geldern, Hubert Vischer, and Geo. F. Schild; F. 
K. Leppien, proposed by Otto von Geldern, Hubert 
Vischer and Geo. F. Schild. 


Mr. Hubert Vischer spoke at length on the ‘‘ UsE oF 
THE Ficgure NINE” as a check in arithmetical calcula- 
tions, referring to a number of cases in order to illus- 
trate the valuable aid of such a check to the computer. 


Mr. John Richards then briefly addressed the Society 
on ‘‘ NATURAL STANDARDS,” calling attention to the va- 
rious means employed for evolving a natural measure, 
specifying the metre, the length of the pendulum beat- 
ing certain measures of time, and various other methods 
for obtaining a unit of length that could always be re- 
ferred back to some existence in nature. 


The Secretary called attention to a resolution offered 
May Ist, by which it was attempted to reduce the admis- 
sion fee and the dues of the associate member. Mr. 
Vischer proposed to amend this resolution so as to read: 
that the admission fee remain $5.00, as heretofore, but 
that the dues be reduced from $1.00 to 50 cents per 
month; and that the same rates be applied to the junior 
member, whether resident or non-resident. The amend- 
ment was accepted and the resolution was then carried 
as amended. 


Meeting adjourned. 
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REGULAR MEETING. 


September 4th, 1891. 
Called to order by President John Richards. 


The minutes of the last regular meeting were read and 
approved. 


Klections to membership: 
Member—J. M. Finch, mechanical engineer. 
Jared L. Rathbone, F. E. Leppien, 


The following names were proposed: 





Associates 


For members—Howard C. Holmes, civil engineer, 
proposed by Hubert Vischer, 8. Harrison Smith and 
Otto von Geldern; Randell Hunt, civil engineer, pro- 
posed by Hubert Vischer, Marsden Manson and 8. Har- 
rison Smith; James M. Gleaves, civil engineer, of Red- 
ding, Gale; proposed by J, iveManurany J.C: Sala and 
Geo. F: Schild; Elbert P. Callender, civil engineer, of 
Knappton, Wash., proposed by Luther Wagoner, Hubert 
Vischer and 8. Harrison Smith; James T. Taylor, civil 
engineer, of Pomona, proposed by Jas. D. Schuyler, P. 
J. Flynn and Otto von Geldern; Alfred Solano, civil en- 
gineer, of Los Angeles, proposed by P. J. Flynn, Burr 
Bassell and Otto von Geldern. 


The Secretary read the following letter received from 
the Governor of the State: 


‘¢ HXECUTIVE DEPARTMENT, ) 
Sacramento, Cal., Aug. 5th, 1891. | 
To Otto von Geldern, Secretary Tech. Soc., 
San Francisco. 
Dear Sir:—I am in receipt of a letter from A. T. Herr- 
mann, Esq., of San Jose, in answer to one from this 
office in regard to the Convention to be held at Salt 
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Lake City for the purpose of discussing matters con- 
nected with irrigation. Mr. Herrmann suggests that an 
inquiry be submitted to the Technical Society in time 
for its meeting on Friday, August 7th, that the mem- 
bers may furnish any information they may have upon 
the subject. My understanding of the matter is that 
most of the discussions will be upon the United States 
ceding to each State and Territory the arid public 
lands within its borders, and that irrigation matters 
should be subject to State legislation. You, as well as 
other members of your Society, are quite well aware 
that there is quite a difference of opinion on this sub- 
ject, and as far as I can ascertain the general drift of 
the sentiment in this State is against such cession. 
However, in accordance with Mr. Herrmann’s sugges- 
tion, the question is submitted to you for whatever action 
you may take in the matter. 
Yours, very truly, 
(Signed) M. R. Hieerns, 
Private Sec.” 


Mr. Hubert Vischer moved that in order to show our 
interest in the matter, a committee be appointed fully 
empowered to act; which committee shall communicate 
with the Irrigation Congress and notify the Governor of 
the State of the action of the Technical Society. 


The motion was carried, whereupon the President ap- 
pointed Messrs. Hubert Vischer, A. T. Herrmann and 
C. E. Grunsky, with instructions to proceed at once. 


This committee subsequently drew up the following 
letter to the Irrigation Congress, copies of which were 
furnished Governor Markham and the Society’s repre- 
sentative, Mr. Wm. Ham. Hall. 
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‘“ "TECHNICAL SOCIETY OF THE PAciFIc Coast. } 
San Francisco Sept. 12th, 1891. § 
To the President and Delegates of the Irrigation Con- 
gress, Salt Lake City, Utah. 

GENTLEMEN—An expression of opinion by the Tech- 
nical Society of the Pacific Coast, regarding the policy 
of a cession of the arid lands by Congress to the several 
States and Territories having been invited by Mr. H. H. 
Markham, Governor of the State of California, we have 
been appointed by that Society asa committee to express 
the prevailing sentiment. 

Our Society views with fitting interest the question 
proposed for discussion at Salt Lake City, but is not 
prepared to express a definite opinion as to whether the 
reclamation of the arid public lands can be best effected 
through the agency of the individual States or under 
the direct supervision of the general government of the 
United States; but we do hereby desire to give expres- 
sion to our conviction that no transfer of arid lands to 
the several States and Territories should be made except 
after due investigation, and after a study of the condi- 
tions and the requirements of the lands susceptible of 
reclamation: that prior to actual cession, comprehensive 
plans for outlining the general scope and character of 
the required irrigation works, and the amount of water 
available and allotted to each natural district be pre- 
pared, and that no cession of any lands shall be made, 
except under proper guarantee that actual reclamation 
of the lands shall be the essential condition of the 
transfer, and the vesting of final title in private hands. 

It not only seems necessary to us that the available 
water supply be apportioned to the arid land regions to 
which it naturally belongs, but that no cession of arid 
lands to any State should be made, except when such 
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arid lands are included within the boundaries of some 
natural district for which irrigation works have been 
planned by the proper U.S. department, and with the 
reservation that the works thus planned for reclamation 
be carried out subject to the approval of the proper 
U. S. authorities, and that when irrigation works are 
contemplated, a reasonable interest on the capital re- 
quired to construct them be guaranteed by each State or 
by Congress, and that, finally, no sale of any arid land 
reclaimed under the terms of any law passed for the 
purpose of ceding the arid lands to the several States 
and Territories should be authorized, except at prices at 
least sufficient to cover the cost of the works required to 
effect reclamation. | 

It seems self-evident that if lands are granted to the 
several States for reclamation, the grant should be sub- 
ject to such restrictions as will require uniform pro- 
cedure in the several States when reclamation is to be 
accomplished. 

Our fellow member, Mr. Wm. Ham. Hall, who will 
attend the Congress as a delegate from California, is 
requested to present our views, without prejudice to his 
personal actions or opinions as a delegate. 

Respectfully submitted, 
HuBERT VISCHER, 
A. T. HERRMANN, 
C..E. GRUNSKY, 
Committee.” 


Mr. Louis Falkenau read a paper on the Occurrence of 
the Onyx (so called) in California, Arizona, Mexico and 
elsewhere, pointing out the manifold uses of this ma- 
terial in the decorative arts.* A number of beautiful 





*'This paper will be published in a subsequent bulletin. 
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specimens were exhibited, illustrating the manner of 


working the stone and the high degree of polish it may 
be made to take. 


The President announced the probable visit of the 
American Society of Mechanical Engineers to Califor- 
nia, at the time of its next spring meeting. He stated 
that some correspondence had taken place on the sub- 
ject with Professor J. E. Sweet, of Syracuse, N. Y., and 
that it would be necessary to obtain the views of the 
Society in this matter. 


After some discussion it was agreed to appoint a com- 
mittee of sixteen members, to take preliminary steps in 
the way of ascertaining the opinion of the business 
community, in order to determine whether, if such an. 
invitation were extended, it would be possible to carry 
out the plan successfully of entertaining the Society. 

The following gentlemen were appointed on such com- 
mittee: 

Adolph Sutro, 1. M. Scott, Geo. W. Dickie, -W. R. 
Eckart, James Spiers, R. S. Moore, E. J. Molera, P. 
Noble, Byron Jackson, J. D. Isaacs, Charles G. Yale, 
Carl A. Stetefeldt, Robert Hinchliffe, Marsden Manson, 
A. P. Brayton and Otto von Geldern. 

Upon motion, the meeting was adjourned until Mon- 
day evening, September 14th. 





ADJOURNED MEETING. 


Sept. 14th, 1891. 
Called to order by President Richards. 
Mr. Marsden Manson addressed the Society at length, 
explaining an origiial theory to account for the glacial 
period of our globe. The general principle announced 
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was, that while the climates of the earth passed from the 
control of earth heat to that of solar heat, there must 
have been an intervening period between those two 
epochs, during which sufficient energy was retained in 
the oceans, by reason of the high specific heat of water, 
to maintain a dense cloud shield which must have shut 
out the influences of solar heat. This interval Mr. 
Manson announces as the great ice age in the earth’s 
history. 


The paper was discussed by a number of members 
present, the President calling attention to the fact that 
the subject had been most remarkably handled, that it 
had been dealt with in the manner of the engineer by 
applying measures and gauges to-the physical forces in- 
volved. | 

Further remarks were made by Colonel Mendell, Pro- 
fessor Soulé and Messrs. Vischer, Grunsky and Van der 
Naillen. 


After passing a vote of thanks for the author the 
meeting adjourned. 





SATURDAY, Sept. 26th, 1891. 

Upon an invitation cordially extended by the firm of 
Ransome & Cushing to the Technical Society, to inspect 
the Museum Building and the Girls’ Dormitory of the 
Leland Stanford, Jr., University, erected in concrete, 
about fifty members went in a body to Palo Alto, where 
they were shown these structures and the manner of 
erection. 


Mr. E. L. Ransome escorted his guests through the 
building, explaining the method of his work and giving 
them an opportunity to examine every detail of the con- 
struction. 


Minutes of Meetings. 195 


At 1 p. mM. the Society was invited to a luncheon 
spread for the occasion, after which Mr. Geo. F. Allardt, 
acting President, addressed the Society and compli- 
mented the builders on their success in this particular 
branch of technology. Other speakers followed, all 
expressing their gratification to the hosts. The party 
returned to San Francisco on the evening train. 





REGULAR MEETING. 


October 2nd, 1891. 
Called to order by Geo. F. Allardt, Chairman. 


The minutes of the last regular meeting were read and 
approved. 


Election of new members—Howard C. Holmes, civil 
engineer; Randell Hunt, civil engineer; James M. 
Gleaves, civil engineer; Elbert P. Callender, civil en- 
gineer; James T. Taylor, civil engineer; Alfred Solano, 
civil engineer. 


The following names were proposed: 


For Members—Frank P. McCray, civil engineer, San 
Diego, proposed by A. T. Herrmann, Chas. Herrmann 
and Otto von Geldern; Horace B. Gale, Professor of 
Mechanical Engineering Leland Stanford, Jr., Uni- 
versity, proposed by John Richards, A. Schierholz and 
eG) Behr; “Henry S.. Wood, civil engineer, pro- 
posed by Carl Uhlhg, Otto von Geldern and Hubert 
Vischer; Fredk. Eaton, civil engineer, Los Angeles, 
proposed by A. Schierholz, H. C. Behr and L. Wagoner. 


Mr. T. W. Morgan, City Engineer of Oakland, read a 
paper and exhibited a number of models to illustrate a 
method of purifying the noxious gases arising from sew- 
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ers.* The device consists of a receptacle attached to a 
man-hole, which is filled with charcoal, through which 
the gases are made to pass before escaping from the 
sewers into the streets. The properties of the charcoal 
as a disinfecting agent were discussed at length, Mr. 
Morgan stating that the results obtained in his practice 
had proven highly satisfactory and were worthy of a 
careful examination. 


A general discussion of the subject then followed. 


Mr. C. E. Grunsky read a paper in which he reviewed 
and briefly discussed Mr. Marsden Manson’s theory of 
the Cause of the Glacial Period. 


Upon motion, all further debate on the subject was 
postponed until the next regular meeting on account of 
the lateness of the hour. 


The Secretary was instructed to convey the thanks of 
the Society to Messrs. Ransome & Cushing for the en- 
joyable trip arranged by them to the Leland Stanford, 
Jr., University, for the purpose of inspecting the two 
prominent concrete structures built there by that firm. 
It was further moved that Mr. E. L. Ransome be in- 
vited to prepare a technical paper on the subject and 
present it at some future meeting. 


Adjourned. 


eomeead 








*This paper will be published in a subsequent issue of the Transactions. 
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PUBLIC MEETING. 


October 21st, 1891. 
Held in the main hall of the Academy of Sciences, 
beginning at 8 p.Mm., President John Richards presid- 
ing. 
The meeting had been advertised in the local news- 
papers and the attendance was quite a large one. 


Mr. Irving M. Scott addressed the audience on ob- 
servations made by him on allsorts of technical subjects, 
while on a recent tourabroad. 


He referred to shipbuilding; the making and bending 
of armor plate; the facilities of Kuropean dockyards; 
the electric apparatuses as applied in England and Ger- 
many; and the great progress of similar work in the 
United States. 

His address proved to be a most interesting one to the 
audience, bis popular way of explaining the subject and 
expressing his views, made the technical features intel- 


ligible to all. 


At the end of his discourse he was warmly applauded. 





REGULAR MEETING. 


November 6th, 1891. 
Called to order by President John Richards. 


The minutes of the last regular meeting were read 
and approved. 


Election of new members: 


Frank P. McCray, civil engineer; Professor Horace 
B. Gale; Henry S. Wood, civil engineer; Fredk. Eaton, 
civil engineer. 


198 Minutes of Meetings. 


The following names were proposed: 
I 


For Members—Geo. B. Birrell, mechanical engineer, 
proposed by F. Orton, H. C. Behr and John Richards; 
Alex. O. Brodie, civil’ engineer, of Prescott, Ariz., pro- 
posed by Otto von Geldern, Geo. F. Schild and H. C: 
Behr; Geo. EK. Dow, mechanical engineer, proposed by 
John Richards, Chas. G. Yale and H.C. Behr; David 
E. Hughes, civil engineer, of Irvington, Cal., proposed 
by F. Gottfried, Geo. F. Schild and Otto von Geldern; 
B. T. Lacy, mechanical engineer, proposed by F. Gott- 
fried, H. C. Behr and John Richards; Edward A. Rix, 
mechanical engineer, proposed by F. Orton, H. C. 
Behr and Otto von Geldern; T.M.Shaw, civil engineer, 
of San Diego, Cal., proposed by Chalmers Scott, Jas. D. 
Schuyler and Adolph Lietz; J. C. Stanton, surveyor, of 
Rio Vista, Cal., proposed by Otto von Geldern, Geo. F. 
Schild and H. C. Behr; Hadwen Swain, mechanical en- 
gineer, proposed by John Richards, H. ©. Behr and 
Otto von Geldern. 


The President explained in a few words the action 
taken by the Technical Society in the matter of a pro- 
posed visit of the American Society of Mechanical En- 
gineers to this State. A committee had been selected, 
and all further action is now left entirely in the hands 
of this committee, which consists principally of prom- 
inent business men of San Francisco. 


Mr. Geo. W. Dickie having been called to the chair, 
the President read a paper prepared by himself, entitled 
“The Retired Life of James Watt, and his Workshop at 
Heathfield Hall.” 


Messrs. H. C. Behr and H. Kower were appointed 
tellers to open and count the ballots for the election of 
new members, with instructions to perform this duty on 
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all occasions before the meeting is duly opened for the 
transaction of regular business. 


Mr. Marsden Manson read several letters received by 
him, referring to his paper on ‘‘The Cause of the 
Glacial Period.” 


A lengthy discussion of the subject followed in which 
Dr. Clark, Mr. Dickie, and several other prominent 
members took part. 


General remarks were made by Professor Gale and 
Naval Constructor Stahl, the latter mentioning a system 
of intercommunication and discussion in vogue in the 
American Society of Mechanical Engineers. Topical 
questions of a technical character are asked by any mem- 
ber feeling so inclined; these questions are printed and 
submitted to all members of the Society for discussion 
and reply. At a subsequent meeting these questions 
are brought up and discussed. 


It was suggested that this method be tried in the Tech- 
nical Society, and that the Secretary have printed no- 
tices sent to all members, inviting them to submit top- 
ical questions for general discussion. This was finally 
ordered and the Secretary instructed to proceed in this 
matter. 


Adjourned. 


REGULAR MEETING. 


December 4th, 1891. 
Called to order by President Richards. 


The minutes of the last regular meeting were read 
and approved. 


Election of new members—Geo. B. Birrell, mechan- 
ical engineer, Alex. O. Brodie, civil engineer, Geo. E. 
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Dow, mechanical engineer, David E. Hughes, civil en- 
7 = ) b} 
gineer, B. T. Lacy, mechanical engineer, Edward A. 
Rix, mechanical engineer, T. M. Shaw, civil engineer, 
J. C. Stanton, Surveyor, Hadwen Swain, mechanical 
d PY, ) ) 
engineer. 


The following names were proposed: 


For members—William C. Alberger, civil engineer, 
proposed by Geo. F. Allardt, Otto von Geldern and Geo. 
F. Schild; R. B. Elder, electrician, proposed by Hubert 
Vischer, H. C. Behr and John Richards; Frederick G. 
Hesse, Professor Mechanical Engineering, University 
of California, proposed by: Hermann Kower, H. C. 
Behr and John Richards. 


For Associate Member—Chas. A. C. Duisenberg, mer- 
chant, proposed by Hubert Vischer, H. C. Behr and 
Otto von Geldern. 


The election of a nominating committee to propose 
names for officers and directors of the Technical Society 
for the ensuing year being in order, the following mem- 
bers were placed in nomination, the Secretary casting the 
vote and the chair announcing the result: L. J. Le Conte, 
Geo. F, Allardt, Hubert Vischer, Jos. C. Sala, F. Gott- 
fried. 

The following topical questions having been submitted 
to the Society, the Secretary proceeded to read them in 
their order and the chair declared them open for dis- 
cussion: 

1. How far is the storing or impounding of water 
practicable in California, and is it commercially practi- 
cable at all, except on nearly level areas? 


2. How can we account for the fact that machine 
work in San Francisco is, with few exceptions, not 
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made to the national or any other standard for dimen- 
sions? 


3. What would be the effect on the Pacific Coast of 
adopting metrical metrology in all branches of engineer- 
ing and mechanical work made here? 


4. What efficiency can be attained with a ‘‘ Trompe” 
blowing apparatus, and have its laws been the subject of 
investigation? 


After some consideration of the subjects involved, it 
was finally ordered that the second question be chosen. 
Mr. Richards began the discussion by making some 
general statements, referring particularly to the annoy- 
ance caused by not having some system in the measure- 
ments of our mechanical work. 


Mr. Vischer called for an explanation of the existing 
facts, and Mr. Dickie proceeded to explain the usage in 
general practice here and the manifold systems of 
measure applied, whereupon Messrs. Behr, Swain, 
d’Erlach and Dow related their personal experience in 
this matter. 


Mr. Wood suggested to publish a circular embodying 
the points discussed, and to distribute it among those 
directly interested, in order to arrive at an expression 
of opinion as to the advisability of adopting some 
uniform standard of measure in machine work. 


The discussion of this topic led to a consideration of 
the third question, which was debated for some time by 
Messrs. Vischer, Kower, Dickie and others. 


Meeting adjourned. 
OTTO VON GELDERN, 
Secretary. 
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TECHNICAL SOCIETY OF THE PACIFIC COAST. 


SAN FRANCISCO, CALIFORNIA. 


INSTITUTED APRIL, 1884. 


TRANSACTIONS. 


Note.—This Society is not responsible, as a body, for the statements and opinions 
advanced in any of its contributed publications. 


(VOLUME VIII. No. 3.) 


ONYX ON THE PACIFIC COAST. 


BY PROFESSOR LOUIS FALKENAU, MEM. TECH. SOC. 
[ Read Sept. 4, 1891. ] 


The demand for material adapted to the interior decoration of 
buildings is steadily increasing, and for some time past variegated 
marble and the so-called onyx have been extensively used, as they 
are more easily cut and polished than other stones, and are otherwise 
preferable to many of the materials at our disposal. 

Onyx proper is a species of quartz of great hardness, and 
occurs in small fragments, or nodules, while the so-called onyx of 
which this paper treats is mainly calcium carbonate, mostly in the 
modification called aragonite, and occurs in large masses. Its hard- 
ness is from 3% to 4, its specific gravity from 2% to 4, and it is easily 
cut into slabs and polished. 

Onyx has been found in several localities of our State, but with 
a few exceptions, in small deposits, that do not yield large and 
perfect slabs. Large deposits have been found in Arizona, and new 
finds are constantly reported from all parts of the United States. 
Mexico has many fine deposits of onyx, most of which is used for 
clocks, table tops and small ornaments. The specimens of Mexican 
onyx, which I have here, are from La Sorpresa and La Mesa Mines, 
Tehuacan Pueblo, of which I have received the following description 
by the owners: 
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The deposits of onyx are found running through hills measuring 
about four miles across, at an angle of about 45 degrees, in layers of 
from 4 to 15 inches in thickness, separated from each other by par- 
allel layers of clay, gravel and country rock. ‘The deposits reappear 
on the other side of the cafion, running into the opposite hills at 
about the same angle. 

The Sorpresa onyx is mostly white and green. The La Mesa, 
variegated. The first is near the bottom of the hills, the latter above 
it; a hard, red country rock separates the two mines. No marble, 
and no calcite crystals have thus far been found there. The deposits 
have been worked for three or four years without the use of machin- 
ery. From 5,000 to 6,000 cubic feet of onyx have been shipped to 
Paris, London and New York at a price of about $10 per cubic foot. 
The shipping port is Vera Cruz, which is reached in one day by 
railroad. 

As the croppings of these deposits have been traced for five miles - 
along the hillsides, and extend from the bottom of the hill to the 
top, the amount of available material is very great. The largest 
slabs obtained were 12 feet long, 8 feet wide and 5 feet in thickness. 


In our State the deposits of Suisun, and of San Luis Obispo, have 
for several years past been worked by Messrs. J. & F. Kesseler, of 
this City, who have kindly furnished me these specimens and the 
following description of the San Luis Obispo quarry : 


To Prof. Louis Falkenau.—Sir: According to promise, we send 
you a short statement regarding our onyx mine in San Luis Obispo 
County, Cal. The mine is situated about thirty miles from San Luis 
Obispo, and about twenty miles from Pismo Beach. It lays in the 
hills between Huasno Creek and Arroyo Creek, about sixteen miles 
from Arroyo Grande, a station of the narrdw gauge railroad. The 
ledge stands nearly perpendicular on the side of a hill. ‘The earth 
and stone in front of the ledge have been removed to the depth of 
about forty or fifty feet for a distance of eighty feet along the ledge, 
which is sixteen feet wide on the top and gets thicker going down. 

The croppings show themselves from three to four hundred feet 
along the ledge, and again about half a mile to the northwest. The 
blocks stand all on their edges, and are from two to three feet, from 
eight to twelve feet, and some from fifteen to twenty feet long, and 
from six inches to eighteen inches thick. 

Along the ledge there are also several valuable mineral springs. 
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The onyx has beautiful colors—red, green, sky-blue, rose color, and 
a lovely golden yellow. ‘The rich colors run in charming and grace- 
ful transition from one shade to another. Men who have worked and 
used onyx extensively declare it to be the finest onyx known. It 
has solidity, large sizes, beautiful colors, and an endless variety of 
tints. It is within easy reach of San Francisco, whence it may be 
shipped to all parts of the world. 

Surrounding the mines and springs are nine hundred and twenty- 
nine acres of land, which form part of the property; they have 
plenty of timber and running water, and would form a beautiful 
park for the springs. Very respectfully, 

San Francisco, March, 1897. J. & F. KESSELER. 


I have no knowledge of other deposits in California having been 
worked to any extent. The Arizona deposits, discovered in August, 
1889, which I visited in September, 1890, are located in Yavapai 
County, about 28 miles southwest from Prescott. The onyx is found 
in a group of low rolling hills. Eleven claims of 600 « 1,500 feet 
cover the location. ‘The bottom of the hills, and the beds of the 
creeks and gulches surrounding them show strata of conglomerate, 
formed of fragments of onyx mixed with other rock and cemented 
by lime carbonate. Above these the onyx crops out boldly in well- 
defined strata of from 12 to 20 feet in height, extending into the hills 
almost horizontally, with a slight dip toward the center. 

The tops of the hills show indications of onyx, and several shafts 
sunk at a considerable distance from the hillsides show solid masses 
of onyx immediately below the surface. At the time of my visit, 
only about 1,800 square feet of the ground had been explored by cuts 
and shafts. Ata very conservative estimate, I would say that there 
were 1,440,000 cubic feet, equal to 144,000 tons of onyx then avail- 
able. Should, as is very probable, the balance of the still undevel- 
oped croppings, prove to represent strata of equal dimensions to those 
already opened, the available supply would be practically inexhaust- 
ible. Large blocks, some 7 X 4 feet and 18 inches in thickness, had 
been separated from the mass by blasting, and from such blocks 
most of the samples I have here were broken by a sledge hammer. 
That the material stood such treatment as well as it did speaks 
highly for it. 

The many varieties found in this deposit differ very much in 
color and density (8 to 10 cubit feet per ton.) Analysis showed the 
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presence of iron, manganese, strontia and magnesia, and it is to the 
iron and manganese the different tints are due. 

Several tons of the onyx were taken to Colton to be cut and pol- 
ished. ‘The small slabs I have here are samples I brought from 
there: 

Lately a new location has been found near Phoenix, Arizona, 
which is said to produce onyx of good quality and in great abund- 
ance. The cost of onyx varies from $5 to $10 per cubic foot, and 
over. ‘To what extent it is used may be inferred from the following 
amounts expended on it: In Vanderbilt’s residence, Newport, 
$250,000; C. P. Huntington’s residence, New York, $100,000 ; 
Equitable Building, New York, $75,000 ; Auditorium Hotel, Chicago, 
$60,000 ; Imperial Hotel, New York, $500,000; Grand Union Hotel, 
New York, $25,000. 





At the time the foregoing paper was read there were exhibited 
about forty specimens of onyx having polished surfaces and present- 
ing almost every shade of color, and showing the laminations which 
indicated the manner of its formation by desposition. 


REGULAR MEETING, JANUARY 7th, 1892, 
PROCEEDINGS. 


MINUTES. 





Held in the main hall of the Academy of Sciences, and called to 
order by the President at 8:30 Pp. m. 
The reading of the minutes of the last Ris meeting was 
ordered to be dispensed with. 
The following new members, having been balloted for, were 
pectared. elected 
PrOlessor. ls) Cre il essen. #5... (2h University of California. 
Win Cana Ibervers Civil engineer \. 1 se en ee as: San Francisco. 


ne be Hidermpelectrician 4.07... 2. veers bs 
Chas. A. C. Duisenberg, merchant, Associate....... a 


The following names were proposed for membership and referred 
to the Board of Directors : 


For members: 


Frank H. Olmsted, civil engineer, of Riverside, Cal., proposed by Burr 
Bassell, P. J. Flynn and Otto von Geldern. 


L. C. Russel, mechanical engineer, San Francisco; proposed by C. A. 
Stetefeldt, F. Orton and John Richards. 


Theodore Wetzel, Jr., mining superintendent, North Bloomfield, Cal.; pro- , 
posed by A. d’Erlach, Geo. F. Schild and Otto von Geldern. 

For juniors : 

Geo, P. Cramer, surveyor, Seattle, Wash.; Baycecd by J. P. F. Kuhlmann, 
Luther Wagoner and Hubert Vischer. 


J. F. Morrow, surveyor, San Francisco; proposed by Hurbert Vischer, 
Luther Wagoner and Otto von Geldern. 
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The Nominating Committee made the following report, proposing 
names for officers and directors of the Society for the ensuing year : 


SAN FRANCISCO, January 4th, 1892. 


To the Members of the Technical Society of the Pacific Coast : 


GENTLEMEN: Your Nominating Committee, selected to propose 
the names of candidates for election of officers and directors of the 
Society for the year 1892, herewith submits a report, and begs to 
propose the names of the following gentlemen : 


President, John Richards. Vice-President, Luther Wagoner, 

Treasurer, Geo. F. Schild. Secretary, Otto von Geldern. 
DIRECTORS: 

HOn Bent. Geo. W. Dickie. W. R. Kekart. 

C. E. Grunsky. . A. Schierholz. 


Your committee calls attention to the efficient management of the 
Society, and the progress made during the past year, and rejoices in 
having succeeded in so great a measure in inducing the same mem- 
bers to express their willingness to serve during the coming year. 

Respectfully submitted, — 
17 Sesh eCON LE, 
Gro. F. ALLARDT, 
HUBERT VISCHER, 
eee SAAS 
F. GOYTFRIED. 
Nominating Commtttee. 





The President then introduced Mr. Geo. W. Dickie to the audi- 
ence, who proceeded to address the Society on the ‘‘ Ocean Commerce 
of San Francisco,’’ which was thereupon publicly discussed by those 
picsent, 

(This interesting subject and discussion will be published in a 
subsequent bulletin.) 

Adjourned. 

OTTO VON GELDERN, Secretary. 


ANNUAL MEETING, JANUARY 15th, 1892. 


PROCEEDINGS. 


MINUTES. 





The annual meeting of the Society was held on Jan. 15, at the 
Society’s rooms, in the Academy of Sciences Building. 

The Ballots for officers for the current year were counted and the 
following officers were elected. 


President, John Richards. Vice-President, Luther Wagoner. 
Secretary, Otto von Geldern. Treasurer, Geo. F. Schild. 


DIRECTORS: 


H. C. Behr. Geo. W. Dickie. W. R. Eckart. 
C. E. Grunsky. A. Schierholz. 


After the ballot for officers had been declared the President pre- 
sented and read the following address. 


ANNUAL ADDRESS. 


BY THE PRESIDENT, MR. JOHN RICHARDS. 
(Read January 15th, 1892. ) 





In pursuance of a custom that is common in associations of this 
kind, and one that has much to recommend it, I will venture to 
occupy some of your time this evening with a kind of review of the 
various circumstances of the past year attending on our own Society, 
and the objects to which its energies are directed. 

My first duty will be to acknowledge the honor conferred by the 
selection as your presiding officer for a third time. It has been 
a matter of circumstances rather than because of any claim or quali- 


206 Annual Address. 


fication on my part, and is, for that reason, the more to be esteemed. 
It is unsafe to make promises for the future. For the present I can 
speak, and will say there is a stock of good resolutions covering such 
duties as I can perform. 

The directors and their committees form the active governing 
element of the Society, shaping its policy and conducting its affairs, 
and for the coming year we will have in this capacity able and 
experienced members, who have consented to serve, in some cases, at 
a good deal of inconvenience to themselves. 

During the past year some change has been made in the constitu- 
tion and by-laws of the Society, not of a material kind, but relating 
mainly to procedure and the qualifications for membership. These 
changes are not of sufficient importance to require attention or com- 
ment at this time. 

The reports of the Secretary and Treasurer show the condition of 
the Society, in respect to membership and finances, also show, or 
will call to mind the changes made in our environment, to so call it. 

A good deal of money has been demanded, and a good deal spent, 
but, in all cases, with care and discretion. The present hall and its 
fittings, in which we have a proprietory interest ; the very complete 
club room and connected offices, have been furnished and arranged 
during the past year, and, it is believed, will serve the requirements 
of the Society for many years to come, with only the expense of 
maintenance. 

An important advantage during the past year has resulted from 
the Secretary’s business permitting his presence here nearly all the 
time during business hours, and, I may add, also in a very efficient 
discharge of the duties pertaining to that office, which is really the 
main executive one in associations like this. 

Turning now to retrospect, the Technical Society of the Pacife 
Coast has not been evolved from a small beginning and a few mem- 
bers, as is common in such cases, but it has, nevertheless, been 
obliged to follow the inexorable law of evolution, of which the main 
element is time. The Society was founded in 1884, and the roll 
signed at the time of organization, contained the names of 61 civil 
engineers ; 30 mechanical engineers ; 12 mining engineers; 11 archi- 
tects; 6 chemists, and two patent attorneys; in all, 126 members. 
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This was an extraordinary beginning, not only in respect to the 
number of charter members, but also in the character and qualifica- 
tions of those enrolled. It included most of the eminent engineers 
in the City, and as an assemblage of people engaged in technical 
pursuits, could not, perhaps, have been excelled among an equal 
population in any other part of the United States. 

As a result of this, the first papers presented and read before the 
Society were remarkable. They speak for themselves, and I will 
digress here to say that the value of these papers was reciprocal, and 
their influence much wider than is commonly supposed. 

A look through them recently, discloses the fact that, in most 
cases, the papers presented have aided and greatly promoted the 
interests of those who contributed them. ‘The members who prepared 
these essays have become distinguished in the branches to which 
their papers related, perhaps they were so before, in most cases, but 
there is a fair inference that the time and pains invested in the work 
have been well returned. 

It is to be hoped our new members will make a note of this. It 
is a road to professional success, and the better the paper the greater 
the success. It is seldom that anyone engaged in any technical call- 
ing prepares an essay on a set subject without an adequate gain in 
some way. The gain may not come at once, or soon, but it will 
arrive some time and remain. 

Returning to the Society, the selection of a title was fortunate 
and appropriate, adopted, no doubt, because the membership was to 
be drawn from not more than one-fortieth part of the population of 
the whole country, and, consequently, under circumstances that 
precluded a division of professions and pursuits, such as can exist 
in the Eastern States, and in the populous countries of Europe. This 
scheme has proved a most fortunate one, because there is, perhaps, 
no other association of the kind that has worked more harmoniously 
and been more free from all kinds of dissensions, such as might have 
been apprehended, and is too common in associations of the kind. 

The Society’s history, for several years, was nearly what inference 
would assign. The ablest members presented able papers on the 
subjects with which they were most familiar, and then came a season 
of apathy. There was no effort to connect the Society’s work with 
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the active industries and interests of community. It was a purely 
scientific association, such as this bustling utilitarian country is not 
yet ready for, and will not be for a long time to come. We can cul- 
tivate and promote scientific research in this country, and do so to a 
great extent, but not in the abstract, as it is done in Europe. ‘There 
the commonwealth is the great fact of a country, here it is the per- 
son, and his business. Here everything to succeed must be con- 
nected in some way with the active affairs of life, and involve a 
factor of dollars and cents. 

It is trusted that this is not an unfair criticism, or at least that it 
is true criticism. ‘The purpose of its introduction here is to urge 
again upon the Society and its new board of directors the expediency 
of forming a permanent committee on arts and sciences, with the 
power of examining and reporting on new and useful inventions and 
discoveries, also on meritorious papers, and recommending the 
award by the Society of some kind of certificate or diploma, that 
will have a commercial as well as a scientific value to those who 
submit subjects. 

There are objections to such a committee and procedure, but 
pitted against such objections are the facts that have just been 
reverted to, and our first duty is to make the Technical Society per- 
manent and useful. In case unworthy subjects were submitted to 
such a committee, it is easy to ask the withdrawal of them without 
‘action. The Franklin Institute; of Philadelphia, has for many 
years — twenty, or more—maintained a committee of this kind, 
and the secretary of that institution will, no doubt, be glad to furnish 
information respecting the working and results of the ‘‘ committee 
on arts and sciences,’’ and the awards given in case of meritorious 
inventions. The adoption of a similar method here would require a 
good deal of consideration, and it might be some years before it 
would reach a practical working character. It is, however, worthy 
of serious consideration. 

It would be agreeable to occupy a good deal of time in discussing 
this matter, but it is so eminently suited for general debate that I 
trust some of the members will, at an early day, present an essay on 
the subject, and thus arrive at a concensus of opinion respecting it. 
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In connection with this matter of a permanent committee on arts 
and sciences, or on new and meritorious improvements, which would 
be a better name, there is another matter that has engaged the atten- 
tion of some of our members, and which can be recommended to the 
new board of directors for their consideration. I allude to lectures of 
a popular kind, in addition to set papers. By popular, is meant 
lectures technical in nature but popular in character, such as can be 
prepared or delivered without the research, computations and draw- 
ings, that are commonly required in our regular papers. 

Such lectures, we have reason to believe, would be gladly con- 
tributed by members and others, if invited, and, in this manner, the 
Society would not only be brought into closer contact with the com- 
munity and its interests, but it would relieve the membership from 
what is a severe tax on their resources. 

It may seem an easy matter among a membership exceeding two 
hundred to secure monthly papers of a technical kind, such as should 
be published in the Society’s bulletins, but it is not at all an easy 
matter. Such papers are expensive to prepare, and expensive to 
publish, and, under the present method, too many in number. 

The American Society of Mechanical Engineers has a member- 
ship of 1,300, and holds two meetings each year. On the same basis 
that we attempt, this Society would produce seventy-two set papers 
each year, which, I need not say, is far in excess of the number 
presented. 

In respect to the field in which the energy and influences of the 
Society are to operate, or to which its efforts are particularly directed, 
it will not be too much to claim that it is peculiar, or even anomalous. 
On this Coast the extent of engineering and technical work, in pro- 
portion to the population, is not only vastly more than in other com- 
munities of like extent, but is varied in a degree that has no parallel 
in any country. 

These peculiar circumstances arise not only from a diversity that 
embraces nearly all the industries of our time, but to peculiarities of 
methods and requirements that arise out of climatic and other 
physical conditions peculiar to the Pacific Coast. I will mention only 
one, for illustration, the harvesting of wheat. This operation, which 
in most countries is no more than a farmers’ problem, supplemented 


210 Annual Address. 


by ordinary maunfacturing skill, becomes here, in California, an 
engineering one, involving peculiar machinery, immensely greater in 
size and power than is employed elsewhere, also with very different 
functions. ‘The wheat is cut, threshed, and put into sacks at one 
operation, and by one machine, requiring as many as twenty-four 
horses, or equivalent steam power, to propel it. From 1,000 to 
1,500 bushels are thus cut, cleaned and put into sacks in a day, 
by one machine, requiring, at most, the labor of five men, and is 
done, by contract, at a cost of not more than a cent a bushel. ‘This 
is one fifth as much as the same operation costs in the Hastern 
States, and is only a tenth as much as in India, where the rate of 
wages is one fifteenth as much as in California. 

Ten years ago the steam engines brought here for threshing failed 
to meet the requirements, and the manufacture was commenced in a 
number of different works in this State. Instead of 10 and 12 horse 
power engines, those of 40 horse power came into use. ‘The furnaces 
and boilers were made for burning straw, on new methods, and the 
industry expanded to large proportions. 

Later on the ‘‘combined’’ machines came into use, performing, 
_as before explained, all the operations at one time, and just now the 
effort is being made to not only drive the threshing part of these 
machines by steam power, but to propel them as well. 

One of the members of this Society has, during the past summer, 
spent large sums of money and several months of his time in the 
field studying the problem of operating these vast harvesting 
machines entirely by steam power. 

‘The agencies and resources drawn into this single operation of 
harvesting wheat in California may well be set off against all that 
has been done elsewhere, the world over, during eight years past. 

Most notable among the technical achievements of this Coast, 
and mainly among men who are members of this Society, has been 
the founding of naval architecture and marine engineering. It is 
hard to realize that this great and most difficult of all industries has 
been built up here in five years past, and in a manner not surpassed 
if equalled on this continent. The Union Iron Works have con- 
structed some of the best vessels in the United States Navy, and of 
nearly all classes. On the 14th inst. the first rivets were driven in 
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battle ship Ovegon, an armored vessel of 10,000 tons, and of the first 
class. 

As a measure of the ability and skill brought to bear in this 
works, they pay nearly one cent a pound for transporting material 
from the East, eqnal to 30 per cent. of its value. ‘They pay a rate 
of wages 33 per cent. greater, and yet have competed successfully 
with Eastern firms for these war vessels. With some knowledge of 
the subject at home and abroad, I will claim that their implements, 
methods and processes, also their management and engineering skill 
is superior to their competitors. It is a gréat industry, of which we 
may well be proud, and is ably supplemented here by the other 
works, where one may order a steamship, a locomotive, or a counter- 
shaft, and all will be made in due course. 

There are other cases of the kind, among which may be men- 
tioned a wonderful system of urban railways in San Francisco ; sub- 
aqueous dredging by various ingenious machines. The development 
of tangential water wheels ; the conduction and application of water 
under enormous heads,-and, most of all, in the construction of large 
ocean steamers for both war and commerce. It is not necessary, 
however, to revert to these matters. The local record of engineer- 
ing, architectural and mechanical achievement is extensive, creditable, 
and, as before said, out of all proportion to the sparse population of 
this Coast. | 

There is now rising into promise a new field that will, before 
long, tax the resources of the engineering professions; that of the 
conservation and distribution of water for the purpose of irriga- 
tion. Looking to what has been done in Hgypt, India, Australia, 
and the mountain states of this country, and comparing with the 
future possibilities on this Coast, this problem becomes amazing in 
extent, and also inintricacy. Elsewhere irrigation is carried on under 
circumstances much more uniform in respect to varying precipitation, 
evaporation, varieties of soil, the torrential nature of streams, the 
volcanic and disturbed character of the earth where basins and canals 
are to be made, the peculiar and varied crops that are grown, and 
the lack of laws to define and regulate the control and apportionment 
of water. 
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There is, also, the great problem of supplying to commerce some 
other means of intercourse with the world than has hitherto been 
enjoyed, and without which all interests here must languish in future. 

The best scheme, and incomparably the best one to improve the 
trade, and, consequently, all interests of this City, that has been pre- 
sented in a public way, has been by an engineer, a charter member of 
this Society. Not only this, such presentation has been accompanied 
by certain propositions of an economical nature that serve to show 
the intimate relation between the technical and commercial branches 
of the subject. 

The future of the Pacific Coast is mainly in the hands of those 
engaged in the technical professions. The problems are physical ones 
rather than commercial, and even if not, the commercial element has 
too close a relation with politics te much concern itself with the com- 
monwealth. Commerce is competition, and a merchant’s concern 
and ambition is apt to extend only to his immediate environment. 
He is not watching and studying the progress made elsewhere. 
That is no concern of his, so long as such progress does not interfere 
with his business. 

I want to draw no disparaging comparison between technical, 
manufacturing, and commercial pursuits. All of them are necessary, 
interdependent and honorable, but what I do assert is that, in the 
nature of things we must look for progress and improvement else- 
where than in the distributing trades of this City. 

‘The term commerce, we must remember, however, covers two very 
different pursuits. A merchant, in the true sense of that term, is one 
who equalizes and distributes the products of the earth. He moves 
the fruits of California to countries where such fruits do not grow ; 
brings the tea of China here, where it cannot be produced. He 
carries out gold, silver, mercury, timber and salmon from the Pacific 
Coast and brings back in return iron, fuel, cloth, and various fine 
manufactures. This is commerce, and is something quite different 
from the distributing trades which divide and parcel out commodities 
in small or broken quantities to suit consumers. ‘This branch of 
trade is what is called in England shop trading, and is the kind, I 
aim sorry to say, best known here in San Francisco. ‘The other 
kind, the merchant trade, will come with Mr. Dickie’s steamers. 
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With this much of local and personal affairs, I will now attempt, in 
a compendious way, some review of the progress, discoveries, and 
great works of the past year. 

The Nicaragua Canal I need not mention, as our committee 
appointed to watch and report upon progress made in this great 
work will, at an early time, present such facts as have interest to the 
Society. As to the national and economic phases of the subject, it 
may be remarked that there is a persistent effort to create another of 
those partnerships between the nation and private shareholders, 
which has proved so unsatisfactory in the past, and for which there 
is scarcely a precedent in any other country. The canal should be 
made either as a government work or asa private enterprise, perhaps 
the former, perhaps the latter, but certainly not a combination of the 
two, unless the money voted is considered as a bonus or gift toa 
company. 

Government ownership, to the extent of an investment of public 
funds, sounds well as a business proposition, but, except the money 
advanced by the government to the Centennial Exhibition, at Phila- 
delphia, I think it will be hard to show that funds, so loaned by 
the government have ever been paid back in kind, or otherwise. 

The Manchester Canal, respecting which no estimates need be 
given here, is, no doubt, the greatest engineering work going on at 
this time, and is mentioned only to call attention to a very earnest 
inquiry in this country into the cost and advantages of inland water 
ways now engaging much attention all over the world. In this 

,country there has recently been in Detroit, Michigan, a water-ways 

convention to consider the subject as it applies to the great chain 
of lakes, and their connections. A second convention of the kind 
has more recently assembled in Kansas City, Mo., to consider the 
improvement of navigation in the Mississippi valley, and the next in 
order should be a similar convention on this Coast to consider the 
navigation of the rivers in the great valley of California. 

This consideration of waterways must, at first, be a commercial 
problem. Engineering facts will not have much interest until the 
cost of carriage compels such attention. In all countries, to some 
extent, but in this one to an enormous extent, the railway power has 
successfully pursued a policy and imposed restrictions that have 
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nearly destroyed river commerce, and the awakening of the last six 
months to some realization of this fact, portends, let us hope, greater 
movements for the future. | 

Closely allied with this is the subject of irrigation, or an artificial 
distribution of water, that will save, to some extent, the vast surplus 
that passes off to the sea, and which is, so to speak, the vital element 
of the principal industries on this ‘Coast. Space will not permit 
a review in detail of what has been projected or done. ‘The subject, 
in its latest phase, that is, on an extensive scale, is quite new in 
this country, but is as sure to be a field of much activity in the near 
future. In Egypt, the operations of British engineers are fast trans- 
forming that old country, and making it again as it was in ancient 
times, the seat of the most dense population that the world has 
ever known. ‘The revenues from rented lands in Egypt, tributary 
to the canals was, last year, more than twenty-five millions of 
dollars. The population of the irrigated districts is set down at 
5,800,000. ‘The area watered is 8,840 square miles. In Australia 
the same work is going on successfully, and large grants of money 
have recently been voted in Victoria for irrigation purposes. 

On this Coast, the problem of irrigation is much affected by the 
question of evaporation from impounded water, canals and ditches, 
and it was hoped that, during the past year, a paper bearing upon 
this subject would be presented before this Society, giving some data 
of value. The maximum evaporation set down for Madrid, in Spain, 
some portions of British India, and at: Salt Lake, in Utah, approxi- 

-mates half an inch daily during the dryest periods, and during the 
summer months here must consume a great share of the water held 
or conveyed in the open air. 

Great works and problems in civil engineering exist on all sides. 
Tunneling under rivers and straits has been reduced to an almost 
exact science. The great Liberian railway shows that no physical 
impediment can stop the path of the engineer. 

The improvement of rivers and harbors by the general 
government I think had better not be mentioned. So far as this 
Coast is concerned, there seems no complaint, but on the Atlantic 
side the record is not one to call for commendation when compared 
with the achievements of private enterprise. 
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In mining engineering, which seems to embody nearly all other 
technical branches, a culmination of the art seems to have been 
reached on this Coast, or at least present effort has been narrowed 
down to details, and more directed to metallurgy, chemistry and 
geology, than to mechanical implements and processes. A mining 
engineer must be possessed of that qualification Mr. Carlyle called 
gemeinlichewtssenschaft, or a knowledge of all things in general. A 
wide profession, with a wide field, and an eminent following on this 
Coast and in this Society. One of our active members has recently 
been appointed on the staff of the largest electrical company in the 
East, indicating what may be learned here by a young man not 
thirty .years old. 

The architects, who have always formed an important section 
of this Society, do not need mention, because their works show for 
themselves. ‘The substitution of metal for masonry and wood, has 
rapidly called upon the profession for new qualifications of an exten- 
sive kind. Our City, and others on the Coast, even without streets, 
compare favorably in architecture with any others in the country, 
and the profession may well claim to be abreast with their co-workers 
elsewhere. 

In mechanical engineering work, with which I am most familiar, 
the past year has produced, for one thing, a wide expansion of 
implements and processes for heavy forgings. Heretofore, this 
country has been much behind in what may be called heavy steel and 
iron working, but the great plant at Bethlehem, Pa., and others, 
have enabled orders to be filled for the heaviest forgings required for 
naval and war purposes. ‘There has also been a great advance in the 
construction of small arms and ordnance, also in armor and other 
material of war. 

It would be much preferable to mention such an expansion of 
inventions and methods to serve some useful and peaceful purpose, 
but at present in our own, as well as other nations, a large share of 
human effort is sacrificed on the altar of barbarism, and a spirit 
of destruction, that is sometimes mistakenly called patriotism. 

As remarked, a great share of mechanical engineering effort has 
gone in this direction. ‘The torpedo matter alone has absorbed much 
ingenious effort, and the expenditure of millions on a mode of war- 
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fare that should be deprecated among all civilized nations. These 
inventions and wealth for the destruction of human life and property, 
may be called an essential part of. our civilization, but it is discour- 
aging to think that about one fifth of human effort—one working 
day in five—must be devoted to such a purpose. ; 

To, mechanical engineering, in a sense, must be credited some of 
the efforts of the past year to accomplish aerial flight, and, for the 
first time, such effort has followed what may be called scientific 
methods. ‘The only ultimate purpose to be gained, so far as now 
appears, will be a further contribution to the destructive fund, for 
war purposes. No engineer who has considered the matter, is likely 
to attach much importance to sustaining passengers and merchandise 
in a fluid that weighs .08 of a pound to a cubic foot, when the same 
weight can be rolled along on iron ways with a frictional resistance 
of ten to twenty pounds per ton. It is, I think, a field of inquiry 
that this Society may safely ignore. 

There have been no startling discoveries in what may be called 
constructive engineering, and it may be safely doubted whether there 
ever will be in future. Evolution in the constructive arts is now 
narrowed down to matters of detail. Exact methods and computed 
results have supplanted empiricism and discovery. The world moves 
together in these things. There are no national lines. Technical 
knowledge has escaped race prejudices, the custom house, and 
ecclesiastical control. This Society is in touch with all others of its 
kind, in all parts of the world, and in this free interchange respecting 
technical research, rests the prodigious advances of our time in all of 
the useful arts. 

Of that new and, I was going to say, magical field, electrical 
science, the past year has been more fruitful in adaptation than dis- 
covery, and when we consider that all the main phenomena and 
functions dealt with, are amenable to computed quantities and results, 
it is not likely that the period of discovery will be lengthened out 
over several ages, as. in the case of older branches like steam, which is, 
even now, or until quite recently, less a science than electricity is. 

The difference is in resources, as well as methods, or, as may be 
said, electrical science began where most other branches left off. 
There are many here, no doubt, who can remember when the thermal 
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problems in steam power were not thought of in practice, also when 
heat was only recognized as a condition of matter, and not an ele- 
ment of primal energy. It is not long ago, but was before electrical 
science came to the front, with even its nomenclature determined by 
the consensus of learned men. 

This new science imposed an extensive draught upon the 
resources of practicing engineers, civil and mechanical. It was a 
new branch suddenly added, dealing with an intangible element, not 
amenable to their methods and implements, but pervading their 
field of practice. In colleges it added at least one fourth to the cur- 
riculum, and qualified, or affected indirectly much more. What its 
future connection with the industrial arts is to be, no one can fore- 
see. Its relation to heat and light lies hidden in occult phenomena, 
and laws that give but little hope of early solution, but to be made 
plain some day no one can reasonably doubt. 

If space permitted, it would bea pleasure to extend these remarks 
to various other technical pursuits; the production of high. grade 
scientific and mathematical instruments, the thorough laboratory 
practice and other branches which our diversified membership 
embraces. | 

In conclusion it will be proper to revert to the fountain head, so 
to speak ; the teachers, on whom depends the membership of this 
Society when our day has passed—the faculty of our technical 
colleges. They have, to a great extent, aided and promoted this 
Society by contributions, counsel and membership. To them we 
stand much indebted, and are anxious to increase the obligation. 

In the wide and bewildering field, which has barely been hinted 
at, our Society must dig and delve after new truths, each member 
contributing his part, and here let me say that his part may be a very 
useful one, if. he does no more than come to hear, and aid us with 
his presence. The courtesy that has marked the proceedings of the 
Technical Society is such, that no one need fear a respectful hearing 
of what he has to present, or say, and it is hoped in this term of 
1892, there will be a wider participation in the proceedings by all, 
and especially the new members. | 

Some debate followed the Annual Address, after which the 
Secretary’s annual report was presented, read and accepted. ‘The 
report is as follows : 
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REPORT OF SECRETARY FOR 1891. 


I have the honor to submit the following report of the condition 
of the Society and its progress during the past year : 
The present total membership is 20d ; as follows: 


Honoraty, members ic, eee 2 
Membersivny oi asses cea een eenae Se ee 


Of these, 141 are resident, and 60 non-resident. 


distribution places in 


San Francisco and vicinity........ 141 
Other parts of State of California. ..37 
ATIZOU As here ee Men DR. B25 6" Ss 1 
Colorado saben tein oe hos ees 1 
ie Fad lee cori tet. a Sey hg 4h) 14 de ik 
Nevada epee reer oe ite fo ee ake 3 
Oregon. (ee er eam pemememmen a SLR. oats 2 
VAS HI OL GTi cme surrduhe Mair. ou 4.2 gues 3 
Uta Dean ee eon DS Sy la eth te 1 
Professionally divided, there are: 
AS CHICCCTS 2 eRmmMeey eaten oc oA cia ee t 
Briers ce Rainer Bt ea Pee i 
CH enlIStS een rye LS et cr 5 
Givi gi ie ieen ommpriniir, Ji. see hele 
Bsa huiedatesealcsay, ~. sath peat’, WM. 2 
Blectricalmmeineets si)... at ee 2 
TnstrnmentyNlakersi 125.30 See 2 
Marine Magincersee ea...) ox: 1 tee 2 
Mechanicalslmomeers: os... eee 4d 


Juniors’ fae yee ee 5 
Associates 


A geographical 


Tllinois...“ cn ee eerie 1 
Massachusetts), #2...) 2 cue 1d 
Mintlesota ig 2612) atheist ee eee 1 
ING WW pODK «sari acc ain ac al en ee ae 1 
DistricMor Colum pia, eee 1 
Pirie larid teat), arene go eee fr ee, eae 1 
Pawel tes Sahara a ee eee 2g 
SouthlAdrica 2s) econ sae 2 
POUL AMENCa l= aN sume = ee 1 
Military Engineersy eee ee 4 
Minin oun siiGers lap ere e 27 
WavalvArchitects,@s. panne meee 1 
Professors of University........ 5 
Scientistes ur coe aot eee Ones 1 
SULVEVOIS.o5 tania her tein ek, ee ee 7 
Lechnologistel amie 2 ye eae + 
Associates of various callings..... 17 
Ota Leet he. 2 eae eee Le ee eee 201 


During the year 1891 the Society increased in membership as 
follows: Admitted, 56; reinstated, 1; total, 57. Of these there are 


Mein bersithaim ret ese sera Scie 45 
Honorary Meni bere aes) hike 1 


Professionally divided : 


Chemists, (era eeearste nn oa ee 1 
Giyil SBngineere eae pete ae ten 23 
Draughtsmmeniv nema weae ta as. hy eet 2 
Electrical Hngineetsa a sores os i 


Honorary Members and Associates 
of various professions......... 8 


JUNIORS.) Say ee en 4 
ASSOCIATES jr) teenie tenn eee oman eee 7 
Mechanical Hingineers# i... esr et 11 
Mining dngineers ser verw acs pene, 3 
Professors of University ......... 2 
SULYE VOls.. ean eee Moisi dte eee 4 
Marine Engineers 4-0 0 eee 
TOtal Axe el ne er 57 
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Membership of Society January, 1891: 


Members and Associates.......... 149 PiicressegitiphSOIMs sec se ee 57 
Total Membership in 1891....... . 206 Resigned during (Sal) eee ee 5 
Gain ins LSObe ane eee ee 52 IPreseits tient bership. ant 201 


The resignations during the year are: 


Alpheus Bull, San Francisco, Thomas Hamlin, West Virginia. 
P. H. Jackson, San Francisco. JG. Pohle: Denver. 
A. W. von Schmidt, San Francisco. 


The following juniors, entitled to full membership, will be placed 
on that list : 


Franklin Booth. Ernest McCullough. Re By. Bush: 
Number of regular meetings held Decrorsy MeEetin OS nc) ore ae eae 8 
diving thé pastyeara | ease 12 Specie tneelings 270. oJ. heen ] 
Pubiermectings.) < 24..27 as eae pie INT pero papers read, (2 .2'. sae. 14 
Number of addresses made ........ 1 Discussion of topical questions... 4 


Papers were published in the printed preceedings of the past year 
on the following subjects : 


Street Pavements in San Francisco. Hall’s Hydro-Steam Elevator. 
Abrasive Processes in the Mechanic Arts. Cause of the Glacial Period. 
Bridge Analysis. Nicaragua Canal. 
Physical and Geological Traces of Perma- Act to Define the Duties of Land 
nent Cyclone Belts. Surveyors. 
Contributors : 
John Richards. Naval Constructor Stahl, U. S. N. S. Harrison Smith. 
Robert Hinchliffe. Jerome Newman. Marsden Manson. 
Hubert Vischer. Louis Falkenau T. W. Morgan. 
Irving M. Scott. Commander H. C. Taylor, U.S.N. George W. Dickie. 


A board of examiners for State licensed surveyors was appointed 
by the Governor. The chairman and two of the thembers were 
chosen from the Technical Society, to-wit : 


Luther Wagoner. S. Harrison Smith. lL. F. Bassett. 


Applications of 94 surveyors for a license were examined, acted 
upon and passed during the year. 


OTTO VON GELDERN, Secretary. 
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TREASURER’S REPORT FOR 1891. 


The report of the Treasurer was then presented and referred to 
the Committee on Finance. 


To the President and Directors of the Technical Society of the 
Pacific Coast : 


GENTLEMEN: I have the honor to make the following detailed 
report of collections and disbursements, assets and liabilities for the 
past year: 








RECEIPTS. 

Received from former Treasuret gens ase ooein en eee ~ 80 98 
4 ‘s anembers foriduece, ee epee Piet 200 

* i ad MISsiONn TCS Aupeeene aera ees etre meee eee 230 00 

us  sspecial subscriptions ne eae eee 192 50 

Ss ‘‘ room rent from Cal. Chapter Architects. . 60 00 

f sc vsaleof transactionswol [53h eee 57 50 

ei rs f) “Ke yS tOSOO TI eet ae Onn tee e 3 30 
AOA Se a ssc 5 eee eee nome ee $2,102 28 





FROOLE FED T er tere tei ao gcse LN RE Re eee eat .£ 460 00 
Secretary 418 months) |i a eee ee eee Sos 325 00 
COMSCORE ee a. Fess “dias Split Oe Repo EN aE ane eee oe 150 07 
Janitor qucsonlee GXDENSeS (7) 5aq se nmenee ae eee eee 128 21 
SEAUOMETVE Ee suet c des oc area ene eee eee 83 45 
Postage, cartiage.and duty On booksajs). «ane eee 133 00 
Printing wndstypewriting 2: s:uea eee an on ae eee 510 47 
Binding DOOKS Be sant. §yioris f cae a es ne es er a ee 29 05 
FIN OT AVING 26 aR! ween sce a As dio de Se ee RO ea eis ate 69 25 
Furniture, fixtures, and moving to present hall... ...... 259 90 





PRG ta Ten Re Cost We Sut eee ae Ne pert ea $2,098 40 
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ACCOUNTS RECEIVABLE. 





Unpaid dues=(toy Januarvelstre| S92) 00 Bo oye $ 542 50 
A.Cinission /feesu ime MeeEMnee cic tins os scoreless ecules wow a 55 00 
EOL transac ong: moma eemisOld all. vats er ee ee 14 00 
GS ese atene Ary ee RE Io, noc oe Siete Seg s dea ees 70 
Room rent due from California Chapter Agence See 20 00 
otal eA. sn: aueeeereneee te GE ES Re TO rst ng aoe £632 20 


ACCOUNTS PAYABLE. 














eon ppaniding & Com Cprinkin ere is. onc ks fouls ot § 447 55 
BtIECOIL Rue y (ithograp nine Wennwetee ih ata ales 65 00 
@altormia: Camera Clubs ftremitureyey aes... ese. 8 27 06 
BoiwaraiDenty & Cop (statiomery,sct. ieek w. F700). ) 30. 5 95 
POMEL LISITI ON) Ai! o:7)./: 5-4 Seite eee Rema REE sigs bx s2 ¢ 5 70 
Pet bat Ony LCCC DEE a. x Ate we Me (eet onc 40 00 
Wold| Rens Mernegeerts Sed 5.) 2, Se $591 26 
PceomutedecervaDle coos ec & doe eae I oo bc § 632 20 
by DAV ADIOM A”. aire 5 a: teh 2 tg ce eA aS 591 26 
aCe aay, RRS ay osm pe EME CS oD $40 94 
SUMMARY 

MMICCEONS TOR CHO Veal. \!h. |... tree apne Ree Ts Jake. $2,102 28 
Miciirsements forthe year. ..045.. 05 +e ea, toe a 2,098 40 
BEN MNO Oks Ce Ra ER OF OC Ge, 28, REE Re $3 88 


Go. F. ScHILD, Zveasurer, 
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Report of the Nicaragua Canal Committee. 


REPORT OF THE NICARAGUA CANAL COMMITTEE. 


The Nicaragua Canal committee appointed by the President, con- 
sisting of Messrs. Ross E. Browne, A. T.. Herrmann and Otto von 
Geldern, make the following report, which the chairman herewith 
submits : ; 

A correspondence was begun with the manager of the company, 
in New York, who thereupon submitted to the Society copies of cer- 
tain plans showing the location of the Atlantic section of the canal, 
with the topography of the country, and a corresponding profile of 
the proposed alignment. A general study has been made of the con- 
ditions from these drawings, but no official report has as yet been 
written. ‘The Traffic Association, recently organized in San Fran- 
cisco, has also taken up the subject of this canal. A committee has 
been appointed by that organization to discuss and report upon the 
commercial aspect of the enterprise, and to advocate this water-way 
as an advantage to the future ocean traffic of San Francisco, and as 
a means of improving the stagnation in the commercial conditions of 
California. Arrangements have been made with that committee by 
which the committee from the Technical Society will represent in any 
council the engineering features of this great project. 

The work has therefore just begun, and whenever the matter is 
to be publicly discussed, our committee will have a full report to 
make, in which the physical and technical points of the proposed 
work will be explained as far as the accessible data will permit. 

The committee therefore asks for further time, reporting progress. 


Orro vOoN GELDERN, Chairman. 
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TRANSACTIONS. 
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Notre.—This Society is not responsible, as a body, for the statements and opinions 
advanced in any of its contributed publications. 


THE COMMERCE OF SAN FRANCISCO. 
Now Hi: 


BY GEORGE W. DICKIE, MEM. TECH. SOC. 
[ Read Jan. 7, 1892.] 





The Secretary, on behalf of the Technical Society, having writ- 
ten me to ascertain if I would be willing to read and discuss before 
you my recent publication on the ‘‘Commerce of San Francisco,’’ I 
suggested that the pamphlet having already received some attention 
from the newspapers and the merchants, it would be better for me 
to assist the further discussion of this important subject by meeting 
the various objections and criticisms that have been sent me direct, 
or have appeared in the press. 

In order to clear the atmosphere of anything personal, and 
enable us to meet the technical difficulties that have been raised to 
the establishment of a direct ocean steamship line from this port to 
New York and Liverpool, in their proper order, I will dispose first of 
the objections that have been raised against the parentage of this 
scheme. Suspicion lurks in some quarters, because the proposition 
for a steamship line comes from an engineer and a shipbuilder 
interested in a company which is supposed by these objectors to be 
backed by the railroad monopoly. If San Francisco desires an outlet 
for her products, and an entrance for her imports by her own Golden 
Gate, who are most likely to give. sound advice as to the best instru- 
ments by which this desired result is to be accomplished? Is it not 
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those men who have given a life study to problems involved in the 
successful production of a modern ocean steamship ? 

The most successful steamship lines are those which keep on very 
intimate terms with the shipbuilder. If we want to dress well we 
take advice from our tailor in regard to the style of dress that will 
best suit us. If we want to erect a great building, that will be an 
honor to the City, we consult an architect who has had experience, 
and we carefully study the plans he proposes. So if the merchants 
of this City desire to make it the entry port for the western side of 
the United States, it can only be done by building a line of modern 
freight steamships expressly built for the special requirements of the 
trade, and, to do this, you need advice from your shipbuilders and 
engineers, so that, I think, we may take it for granted that the 
County Line comes from a poor, but honest and industrious parent. 

In regard to the suspicion as to the place of its birth, it was 
natural for the newspapers to link my name with that of the Union 
Iron Works, although I expressly stated in my pamphlet that my 
work was that of an individual only. Nor need any suspicion be 
engendered on that account. Any statement made as to the con- 
nection of any of the Southern Pacific railroad people with the 
Union Iron Works Company has no foundation in fact. If the Union 
Iron Works has secured a good standing among the business con- 
cerns of this Coast, and among the shipbuilders of this country, it 
has not been by any backing from the outside, but is the result 
entirely of hard work and honest endeavor on the part of the Messrs. 
Scott and their associates. 

Now, we will devote our attention to the ‘‘County Line,’’ and why 
such ships were proposed. We will consider first the ships them- 
selves, and second, the operating of them. , 

The question has been raised, both by letter and in the news- 
papers, why these vessels are proposed of such a size? In answer- 
ing this question, I will not be tempted into discussing the steamship. 
proposition of The Johnson-Locke Mercantile Company further than 
to notice one technical point, that has been presented in such a way 
as might lead to a misunderstanding. Having gone carefully 
through the specifications of their proposed vessel, I would not be 
justified in letting it pass unnoticed. I refer to the carrying capa- 
city. Mr. Johnson (whom, by the way, I have not met) gives the car- 
rying capacity of the vessel he proposes at 4,000 tons. Now the 
dimensions of the vessel, as specified, give a total dead weight 
carrying capacity, from the shipbuilder’s light line, that is the flota- 
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tion line as the vessel leaves the builder’s hands, to the deep load sum- 
mer draught line allowed by Lloyds, of 4,180 tons, from this must be 
_ deducted sea stores of all kinds, dunnage, and coal for the voyage, 
this will reduce the cargo capacity, for dead weight freight, to about 
3,500 tons. ‘This statement is made in case it might be asked why 
there should be such a difference between the dimensions of a vessel 
to carry 6,000 tons and those of one to carry 4,000 tons, and for no 
other reason. 

If our merchants do not at present want the ‘‘County Line”’ I 
trust they will help the Johnson-Locke Company. My purpose was 
to present to the merchants an outline plan of a vessel that would 
make regular and reasonably fast trips, with every appliance for the 
rapid handling of general freight, in fact a fast freight ship of the 
most modern type. 

Ten years ago I advocated first-class freight steamships for this 
business, and this is the original plan made at that time, the only 
change I have made is to increase the indicated horse power by 500, 
and adding 1 foot 6 inches tothe beam. At that time this plan was 
considered too far ahead of existing types of freight steamships, the 
transportation of freight on the Atlantic was then, for the most part, 
done by vessels carrying passengers, or by old passenger vessels that 
had become unfit for the higher class of work. 

The Monarch Line has built some special freight steamships tarry - 
ing about 4,000 tons; the cost of transportation was reduced, the great 
lines had to build special fast freight ships to enable them to keep in 
the business, so that now they have grown to about the dimensions I 
proposed for the San Francisco, New York and Liverpool trade. 

Let me instance the development of the fast freight ships of the 
Oceanic Steam Navigation Co.’s ships, that is the White Star Line. 
I take this line because of their intimate connection with one of the 
most progressive shipbuilding firmsin the world, Harlan & Wolff, of 
Belfast. In 1882 this Company felt the necessity of providing 
special freight vessels, and Harlan & Wolff were ordered to produce 
two vessels to carry 5,000 tons dead weight cargo, besides fuel, stores, 
etc. ‘The result was the Doric and Jonic, both of which went into 
service in 1883, and are still in the service, and average nine round 
trips a year. The dimensions of these vessels are, length 440 feet, 
beam 44 feet, depth 31 feet 6 inches. 

These vessels have the ordinary compound engines, and on that 
account burn more fuel than those of a later date. In 1887, Harlan & 
Wolff built another special freight vessel for the White Star Line—the 
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Cufic. In this vessel the only change in the dimensions made was 
adding one foot to the beam, making it 45 feet instead of 44. The 
engines, however, are triple expansion. This vessel carries 5,600 tons 
dead weight freight, less coal being required than in the older boats. 
In 1890, they built another boat for the same company. ‘This ves- 
sel, the Momadic, which commenced running about the middle of 
1891, makes her trips in ten days; carries 6,800 tons dead weight 
freight, and is of the following dimensions : Length, 461 feet ; beam, 
49 feet ; depth, 32 feet. This vessel makes 11% knots, loaded, on 
33 tons of coal per day. Compare the dimensions of this vessel with 
those of the County of Contra Costa, or those of the ship proposed ten 
years ago, and it will be observed that they are almost identical, so 
that what was then considered too far in advance, is now only abreast 
of the best practice. 

In some communications to me, the rig of the proposed vessel has 
been objected to as being too heavy. Rapid and economical hand- 
ling of freight is of great importance in a vessel of this character, 
and to be rapid it must be handled from all compartments at once. 
We have eight independent holds, and five masts are necessary to 
provide cargo booms for each hatch. To be economical, it must be 
handled by the ship’s own tackle, and I have provided for its being 
so handled. 

In regard to the sail power, the sail area relative to the flotation 
area of the vessel is about the same as that of the Czty of Pekin. 
When preparing the earlier plan for this vessel, I had some talk, in 
regard to sail power, with the late Captain Berry, then commanding 
the C7ty of Pekin, and inquired how it was that he managed to make 
so good time with such a small developed horse power. He said that 
he never let any wind slip past his ship without getting some horse 
power out of it. Mr. Forsythe, who sailed as chief engineer with 
Captain Berry, will be able to tell us how the sails were used. It 
was in the hope that the class of captains to which Berry belonged 
were still on deck that the County of Contra Costa is shown square 
rigged on four masts. 

The question has been asked: Why have a spar-decked vessel 
which is not usual in freight steamships, and adds to the register 
tonnage, and why carry all bulkheads to the spar deck ? 

In providing a spar deck, the first object was to provide ample 
space for a large amount of light freight, such a dried fruits, wool, 
ete., which must be kept dry, and must also be ventilated. It also 
gives the ship a good free board, enabling work to be done on deck 
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with some degree of comfort. Carrying the bulkheads intact to the 
spar deck, enables different classes of light freight to be kept 
separate. One kind might taint another if not separated by 
air-tight bulkheads. In case of fire, water can be used on one 
part of the cargo without any damage to another. Compartments 
can also be prepared for cold storage, if necessary. Shippers 
can secure independent compartments on certain decks for their own 
freight, and have it subject to a certain treatment on the voyage. 
The advantages of this arrangement will at once occur to shippers 
whose goods must not be subjected to the possibility of taint from 
other materials while on ship board. 

The possibility of making the voyage in the time stated, and on 
the fuel provided, has been questioned. One evening newspaper, in 
an article published on the 26th of last month, takes, for an example, 
the case of the Alameda, which made the voyage from New York, 
without any stoppage, in 59 days, and this vessel averaged 13 knots 
per hour, and asks, triumphantly, how the County of Contra Costa 
is going to cover the same distance in 50 days, making 11 knots? 
Now, this party who demolishes my figures so cleverly, evidently 
knows it all by heart without any figuring; he deals with known 
facts, and you know that there is only one thing more misleading 
than figures, and that is facts. Now, here are two facts stated: 59 
days and 13 knots, that is 312 knots per day, and 59 days at that 
rate would be 18,408 knots, that makes some trouble about these 
facts. If we take the fact of 59 days and the true distance, then the 
average speed was 975 knots per hour; if we take the other fact of 
13 knots, then the time was. 41 days and 16 hours. This writer, 
having disposed of my figures with his facts and, as he says, having 
shown me wrong in one item, concludes I must be wrong inall. We 
will not dismiss him in that way, but will refer to him again as occa- 
sion requires. 

As an instance of what’ may be expected on a long voyage like 
this, with a ship specially designed for the purpose, I will give the 
first voyage out of the new freight steamship Zekoa; just built by 
Gray, of West Hartlepool, for the New Zealand Shipping Company, 
to run between London and Auckland. (Imagine little Auckland 
having ships that San Francisco can’t afford). This vessel is 469 
feet long, 49 feet 38 inches beam, and 33 feet deep; engines triple 
expansion, 27” and 43” and 72” 45” stroke. Compare this ship and 
engines with the County of Contra Costa, and see how closely they 
approximate to each other. 
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This vessel left London a little over three months ago with 6,250 
tons of dead weight freight, and 1,400 tons of coal in the bunkers, 
steamed 12,059 knots without any stop whatever in 50; days ; aver- 
age speed 975 knots per hour ; coal consumed 1,081z5 tons, or 214% 
tons per day. ‘This is a splendid result in fuel, considerably better 
than I expected to do in the County of Contra Costa, and it shows 
that 50 days is not only a possible time for the voyage from here to 
New York or Liverpool, but for a modern ship it can be done at a 
very economical expenditure of fuel. 

Having considered the first question, that relating to the ships them- 
selves, we will now consider the second question, that of operating 
them. Can these vessels be operated with any degree of certainty on 
the total expense allowed in my estimate? None of the communica- 
tions to me have questioned the expense, but the article already 
referred to, in an evening newspaper, appears to have some weight in 
certain quarters, and therefore requires to be answered. 

The first question asked is ‘‘why has no allowance been made 
for insurance of hull?’ ‘The writer of this newspaper article has not 
dealt with my pamphlet as it is, but has it mixed up with another 
proposition on page 11, suggesting the method of ownership of the 
proposed vessel. I provide that each owner can handle his own 
share as it suits him, can dispose of it as he pleases, can insure it or 
carry the risk as he sees fit, and on page 15 in stating that the 
amount divided would equal about 24 per cent. per annum, it is also 
given about 6 per cent. less to owners who insure. The question of 
time to make a voyage has already been noticed. 

The next question raised is the time allowed for loading and 
unloading. The reference that this writer makes to time in way ports 
need not be considered, as no mention is made of way ports in the 
pamphlet. My proposition was for a direct line, but should there be 
business for way ports the time required at such ports would be 
added to the 50 days at sea and deducted from the 50 days in ports. 

Our friend figures that on a round voyage, carrying 6,000 tons 
each way, 18,000 tons must be handled, and I forgot that fact for I 
had calculated on having to handle 24,000 tons. We will not dis- 
cuss this question with the stevedores at present, but will refer to the 
time taken in port by similar vessels, referring again to the trans- 
Atlantic new freight steamer the Vomadic. I find that this vessel 
makes a complete round trip in 40 days; 22 days at sea and 9 days in 
port at each end, and carries 6,800 tons cargo. Here is 27,200 tons 
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of freight handled in 18 days, and the ‘‘ County Line’’ people can- 
not handle 24,000 tons in 50 days. 

If this writer had cared to inquire around our own docks he could 
have obtained some facts on handling freight not quite in accord with 
his conclusions. The Pacific Mail Line ships from this port to China, 
are near the size of vessel we propose, and being also passenger 
vessels, are very poorly adapted for handling freight, yet if these 
vessels are on schedule time they have but 15 days in port to dis- 
charge and load coal, and do any repairs that may be required, 
and when occasion requires, as in the last trip of the Czty of Pekin, 
on account of going into quarantine, it can be done in half the time. 
The Occidental and Oriental chartered vessels, belonging to the 
White Star Line, in the same trade with this port and China, if 
they are on time, have 16 days in port, and as to going like clock 
work (as this writer seems to think outside of the possibilities), the 
White Star steamers, running from here to China, do run like clock- 
work, none of them having missed a sailing day for years. 

The next question raised is that of port charges. Nothing is 
allowed, it is said, for loading and discharging. ‘The amount to be 
paid for labor under this head was included partly under the head of 
port charges and partly under the head of wages. It will be 
observed that the full crew is maintained during the whole time in 
port, and provision account is also for the full force the full time. 
The cargo would be handled as it is on all such vessels, by the ship’s 
own appliances, under charge of the ship’s crew, outside help being 
engaged for breaking out and stowing cargo. If the crew leave the 
vessel more help would be required outside, but the wages bill on 
the ship would be less, and less provisions would be consumed; 
$1,400 was the amount allowed for outside help in handling freight 
in port. ‘The New York freight steamers of the highest class allow 
8 cents per ton for this work. I have allowed 12 cents, which would 
allow 16 cents at San Francisco and 8 cents at New York. 
Regarding the wharfage at San Francisco, this writer places it at 
$1,749.75. Now the per diem dockage of a vessel in this harbor is 
¢4.00 for the first 200 tons, and 34 of a cent for each additional ze 
register ton. Vessels lying idle, or taking in cargo, are subject to 
only half ‘rates. Our vessel would be 8 days subject to full rates, 
and 17 days subject to half rates, that is if the line could not lease 
wharf accommodation. 

The net register tonnage, according to the plans, would be about 
3,800. That would make the full rate dockage $31.00 per day; 8 





8 TECHNICAL SOCIETY OF THE ‘PACIFIC COAST. 


days equals $248.00; 17 days, at half rate, equals $263.50, or a 
total dockage bill of $511.50; this leaves $1,088.50 for pilotage, the 
service of a tug, if necessary, and such things as would not be classed 
as incidentals. The dry docking of the vessel, which I had provided 
for at the outward end of the voyage as a mere matter of modesty, 
is also questioned, the writer stating that I had provided $5,200 for 
port charges and dry docking at Liverpool. The actual figures given 
in my estimate are $5,800.00. The intention was to use white zinc 
and tallow for the bottom. Material and labor for this work would 
cost in Liverpool $550.00, in San Francisco, $850.00. The dock 
dues for two days in Liverpool would be $1,392.00. Dock dues for 
two days, at present rates in San Francisco, would be $2,320.00. 
$2,800.00 having been allowed for docking and painting in Liver- 
pool, deduct the cost of labor and material in San Francisco, leaves 
$1,950.00 for dock dues, should the vessel be docked here. Ten 
ships, docked once in five months each, would be 24 dockages, mak- 
ing $46,800.00 a year for dock dues. 

The California dry dock people, I think, would be willing to 
contract now for the use of their dock at such rates. If an Atlantic 
freight steamship, say the Vomadic, incurred port charges equal to 
what I have allowed for the County of Contra Costra, it would equal 
$1.77 per ton of freight she carried, and this comes very near to 
equaling the rate at which she carries freight. In fact, I had made 
my estimate high to be perfectly safe. 

There are other points brought up in the article referred to, which 
is really a very clever presentation of the objector’s side of the case. 
He ingeniously works in the shippers’ insurance on the goods shipped 
as part of the operating expenses of the ship. If his argument were 
for a higher rate of freight by rail than by sea, his point would be 
well taken, except for freight that has to cross the Atlantic before 
going on the rail, as the railway companies insure the freight while 
in their hands—the steamship owner does not. 

Next the revenue of the County Line is questioned. According 
to this writer the competition is to be, not with rail freight but with 
the sailing vessel, and yet he advocates a competing railroad to 
relieve the distress of our merchants. Is this new railroad also to 
compete with the sailing ships? He says ‘‘dry goods merchants 
must have their goods from Europe in as quick time as ocean grey- 
hounds and fast railway freight trains can bring them hither.”’ 
Again he says ‘‘ when the steamer. arrives here they would have to 
wait a week or two until their goods were brought up out of the 
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hold.’ Let us investigate this poetical statement a little. How is 
it that this merchant who is in such a hurry for his goods, gets them 
out of the same kind of a ship’s hold in New York, without any loss 
of time, while the same operation takes one or two weeks here? 
More than that, he generally ships from New York by the Sunset 
Route, so the merchant who is in such a hurry, according to this 
writer, must wait two weeks to get his goods out of the ship’s hold 
in New York, ship them into another vessel, which, according to this 
authority, must be ten days loading, for they take 4,000 tons, then 
another ten days again to get them out of the ship at New Orleans 
before they get on to his railway. 

Again, he says: ‘‘The merchants cannot afford to run the risk 
of almost certain delay in the voyage by the Straits of Magellan. 
They, with the fine leather merchants, with carpet dealers, even the 
hardware men, in many kinds of hardware, cannot afford to run the 
risk of damage by sea. For however closely a vessel may be con- 
structed, the goods in the hold are sure to be damaged to a certain 
extent by leakage.’’ This is a sad commentary on the ability of our 
ship builders to construct ships that will keep cargoes dry, yet these 
very dry goods merchants, leather merchants, carpet merchants, and 
even the hardware men, are just the men we want to carry freight 
for at $10.00 per ton, and they are not so much afraid of salt water 
either, for they ship at Havre and Liverpool on fine freight steam- 
ships like the ‘‘County Line’ across the stormy North Atlantic, where 
their decks are often covered by seas all the way across, and ship 
them again on another steamship to New Orleans, and all without 
damage by water, and at from four to six times the cost at which it 
can be done by the ‘‘ County Line.”’ 

Our ships might have to carry some classes of freight at five to 
six dollars per ton, but the freight that is now crushed by railroad 
rates, and that must be moved quicker than the sailing ship can do 
it, is just the freight that can afford to pay good steamship rates. As 
it must take the same time to get goods into or out of any two ships 
of the same character, and each fitted with the same facilities for 
handling freight, the question will present itself to the merchant 
something like this: To import goods from Europe by the present 
arrangements the time will be: 3 days to load, 11 days to cross 
the Atlantic in one of the first-class freight steamships ; 4 days to 
discharge in New York; 2 days to load on Sunset steamer ; 18 days 
from New York to San Francisco, and 1 day for delivery ; total, 39 
days—as the shortest possible time. To ship by the County Line 
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would be: 3 days to load; 50 days to San Francisco; 4 days to 
deliver ; total, 57 days. Now, if the difference between 130 days by 
sail and 57 days by steamship is not worth any difference in freight 
rate, why should the difference between 130 days by sail, and 39 
days of steamship and rail be worth ten times the rate of freight? 

A correspondent writes me that while the steamship line would 
be a present relief to the commerce of San Francisco, yet the sal- 
vation of the San Francisco merchant can only come with the com-. 
pletion of a canal which would cut the steamship time down to 27 
days. While my correspondent is right, we must remember that if 
the means were already secured to construct the canal, it would be 
ten years before one of our steamships could pass through. We 
have already seen that the ships we propose are similar to the best 
types of freight steamships, for shorter routes, so that when the 
time comes when a steamship can go through the canal, the ‘‘County 
Line’’ will be as suitable for the business as anything that floats. 

I have not exhausted this subject by any means, nor have I 
touched on all points that have been brought out in connection with 
the discussion that has been going on in the newspapers, but I have 
said enough to bring this subject properly before the Society, and 
draw from those present, who are interested, such an expression of 
opinion as will elear up many points on which the public are not very 
wellinformed. I trust the discussion will be without reserve, as I 
understand the Society makes this an open night, non-members 
having a right to take part. 

After reading the paper, Mr. Dickie added the following : 

‘“Some time ago in talking with a ship captain about the differ- 
ent ports for sailing vessels, he said that San Francisco was about the 
only port that was left unravished by steamships. I asked ‘ what is 
the reason San Francisco has been left out?’ He replied ‘I don’t 
know, unless it be that the shippers and the merchants of San Fran- 
cisco have not found out yet that ships are propelled by steam. If 
they ever find out that ships are propelled by steam our business is 
gone.’’’ Mr. Dickie added he would be glad to receive questions and 
criticisms from both members and non-members. 


DISCUSSION. 


Mr. MAnson.—‘‘ Mr. Presiderit, I think we owe a good deal to 
Mr. Dickie for bringing up this question at this particular time. 
The last time this Society met in this hall one of the naval officers 
of the United States Navy pointed out to the Society, and to this 
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community, the advantages to be derived from the construction of 
the Nicaragua Canal. Mr. Dickie touched on that, and showed the 
importance of San Francisco owning and operating, for San Fran- 
cisco, her own ships. Ninety per cent. of the vessels that come to 
this port are not run for San Francisco, but simply to get as much 
out of our merchants as they can, just as the railroads do. We 
might as well understand the fact that they are not going to reduce 
rates until the merchants themselves get together and force them to 
do so. I would like to see a railroad running out of Chicago 
attempt to discriminate against the Chicago merchants; Chicago 
would have the railroad in the hands of a receiver in no time. The 
Board of Trade and other bodies of citizens would not allow that 
railroad to exist. 

Now the Suez Canal, the Panama Canal, or the Nicaragua Canal, 
are not going to do us any good unless we own the steamships 
that run to, and in the interest of San Francisco. We are here on 
the borders of an ocean with 80,000,000 of square miles of water, 
and the wealth around that ocean is untold, and we own no great 
line of steamers, not even a line of sailing vessels. We sit down 
here and prate about the benefits that a canal, constructed by 
somebody else, will give us through the ships of somebody else. I 
think Mr. Dickie has struck the nail as squarely on the head as he 
possibly can do, in calling attention to the fact that we want to own 
and operate our own steamships for our own interests.’ 

Capt. W. L. MERRY.—’’ Mr. President and Gentlemen: I did not 
come here to talk, but to listen. The subject is a very old one to 
me. I spent sixteen years of my life at sea, and forseven years 
I was in command of ocean steamers. ‘They had side wheels, long 
stroke, and consequntly now are behind the age. 

In the first place there is not the slightest doubt that steam car- 
riage by sea is as cheap as any transportation known to commerce, 
ana especially for short voyages the steamship can compete with sail- 
ing vessels. The steamers we are now commencing to build 
which run at a low rate of speed—about ten knots an hour, for the 
carrying trade, can compete with sailing vessels on long voyages. 

As San Francisco is a sea port her development must come from 
the use of her sea board. It cannot be accomplished through the 
railways. ‘They can approach only from one side, it is not a center 
with railroads reaching out in all directions. | 

An ordinary’ship takes 3,000 tons of freight, and that will load 
30 trains of 10 cars each. . 
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Now this question of Mr. Dickie’s is an interesting one, because 
it is a solution of the great need of San Francisco at the present 
time. Of course it will obtain its best results with a shorter trip 
through the canal. That will, no doubt, be the ultimate solution. 
At present, however, the route is the worst one of the world, because 
‘it is the longest route; and, as I have said before, the longer the 
route the greater the disadvantage the steamship has to compete 
with. There is no voyage in the world, that I know of, that is 
harder on the steamship than from New York around Cape Horn to 
San Francisco, on account of its length, crossing the equator twice 
and passing through the heat of the tropics. 

The pamphlet published by Mr. Dickie I have read with great 
interest. I differ from him in some respects, but in the main I agree 
with him. I, however, suggested to him that, according to my 
American ideas, I was in favor of a little more beam, and suggested 
twin screws, so that in case one should break: down the other could 
keep the ship going. 

I have another objection, and that is the ship’s name. A ship 
was building up in Maine somewhere, and the Captain visited 
Boston to report to the owner how it was getting along, he reported 
that it was nearly ready to launch and asked that they select 
a name. The owners told him they wanted a short name, 
one that was easily spelled, pronounced and written, and any name 
that would meet these requirements would be satisfactory, and 
requested him to select one. When the captain came to Bos- 
ton again he was asked what name he had given to the ship. He 
replied, ‘I thought of all your requirements, and after thinking the. 
matter all over I called it the Ox, you can’t find anything better 
than that.’ But this is not a part of the argument. I should select 
shorter names simply to save time. The ships are long enough 
without having such long names. 

The question is one of great interest to San Francisco. But if 
you go to the merchant today and say to him, ‘here is a steamer that 
will land your freight with reasonable certainty in 60 days, and the 
sailing ship will land your freight with less certainty in 130 days, 
how much: more will you pay for the reduction in time and an 
increased certainty in delivery?’ do you know that man will say 
very little. I have been astonished to see how little they would 
say. ‘They appear to think that the saving of time and the additional 
certainty of delivery is a matter that does not incur a great deal of 
extra expense; consequently they do not give the encouragement 
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necessary for men to invest in anything of the sort. They are 
apparently oblivious to the fact that the saving in time and the 
greater certainty of delivery is a great factor. 

From all that I can gather, the question at best is a very close 
one. I think a steamship line from here to New York, with modern 
steamships, could be made to pay 8 per cent. per annum on the cost 
of vessels and operating expenses. 

According to the laws of this State vessels registered here are 
taxed their full value. New York has no laws of this kind, and in 
Massachusetts if the ship earns nothing she pays nothing. Here a 
ship worth $1,000,000 is taxed $27,500 a year. If you had them 
here you would register them in New York and Boston to avoid that 
taxation. ‘The policy of this country has been to damn the shipping 
industry and foster railroads. When I was a boy we were a mari- 
time nation. Hngland is a maritime nation, but without her ships 
she would be nowhere. We are a great country without ships, conse- 
quently we do not depend upon ships as I think we ought to for our 
own benefit and our own advantage. But San Francisco is not so 
much to blame; generally money can be better employed than in 
shipping, it can find better investment. When I was a boy every- 
thing was done to build up American commerce. We had all kinds 
of legislation for the encouragement of shipping. We have stop- 
ped encouraging shipping in any shape, and then we ask why we 
have no ships. On the contrary we legislate for railroads, and give 
them enormous land grants. Until these conditions are changed we 
will never have successful shipping. 

I will be delighted to have San Francisco take up this question, 
but until the voyage is shortened by a canal there can be no large 
fortunes made in this direction, in my opinion. I think by econom- 
ical management there might be a return of 6 or 8 per cent. In the 
main J am in sympathy with the ideas of the speaker.’’ 

Capt. GooDALL.—“‘I did not come here to address the Technical 
Society ; I believe rather in a practical operation, and the technicali- 
ties I am disposed to omit. Not being sufficiently acquainted with 
these I leave them to the wise engineers, who consider these matters 
at their leisure, and make a very fine effort when they tell us about 
them. 

I want to lay Mr. Dickie’s plan on the shelf, so far as the Liver- 
pool proposition is concerned. If it is so practical to run steam- 
ers, such as he has planned, to Liverpool, there would be no diffi- 
culty in the way of English people running their tramps here at 
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once. ‘They have acres and acres of vessels lying still, waiting for 
something to do. (They had when I was last in Liverpool, and I 
think they have at the present time.) They have shops and shops, 
boiler shops and machine shops, and shipyards. ‘They want business 
of this kind, they want ships to build, and they will build them for 
about half what Mr. Dickie proposes to charge for building the same 
ship. When they get them built they will run them for about 60 per 
cent. of what they can be run under the American flag, and owned in 
San Francisco. An English ship with an English crew, and English 
living, black bread, barley soup, and mahogany for meat differs from 
an American ship with condensed milk, fresh butter, and mince pie. 
-It soon amounts to a difference of 60 and 100 per cent. ‘Therefore 
I say it is impossible that Mr. Dickie’s ships can run to Liverpool 
and pay. 

As to New York, that is a different proposition, but the ques- 
tion is whether the railroads would allow it to be done. The rail- 
roads have five tracks now running between this Coast and the East 
in some manner or other ; therefore they have found it necessary to 
raise the freight. With more roads, and an increased number of 
officers and offices, they must have increased operating expenses ; 
hence a higher rate of freight. They are not going to take 
their tracks up. ‘They are insane on what they call the ‘long haul.’ 
They would rather haul a ton a hundred miles than twenty miles, 
just for the sake of having a ‘long haul,’ if they can get the same 
price for it. Mr. Huntington, in his letter in the Worth American 
Review, says the law regarding this matter of the ‘long haul,’ 
is unjust ; that the railroads should be allowed to run the steamships 
off because they can go somewhere else to make a living when the 
railroads cannot. A railroad has to confine its business to its partic- 
ular track. That is Mr. Huntington’s theory, because he is a rail- 
road man; my theory is that this should not be allowed, because I 
am a steamboat man. As soon as steamships reduce freights they 
will make a strong fight. They will do the best they can under the 
circumstances. Railroads are run to make money, exactly as you 
run your mercantile operations, the Union Iron Works, and every- 
body else carries on his business to make money. When the rail- 
road has run your steamships off then the people will have to pay 
higher rates to make up the loss of the railroad during the com- 
petition. ‘ 

One more proposition: I don’t think Mr. Dickie can run the ship 
as cheap as he imagines. He knows how to 6éwz/d the ships, and 
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build them very cheaply ; but I have had some experience in rannzng 
his ships. He estimates, for engines of 2,200 horse power, a con- 
sumption of 14% pounds of coal per hour per horse power. Now we 
‘had one of the finest ships that Mr. Dickie ever built, and it takes. 
21% pounds of coal to the horse power per hour. We also had an 
engine made by him put into the steamer George W. Elder, which is 
somewhat smaller than those he proposes to build. She made a 
trip to Callao when there was trouble there, and she made 83% 
knots per hour, and burned 15% tons of coal in 24 hours. They 
were modern engines, which Mr. Dickie built or designed himself 
—a splendid piece of work; as fine as can be made anywhere. I 
don’t think his ‘‘County Line’’ could have any better. I don’t see how 
he is to run these larger vessels at the rate of 10 or 11 knots an hour 
and carry 6,000 tons of cargo on his allowance of coal. 

Mr. Dickie is a little behind in the number of miles from here to 
New York. We had three ships make the trip that averaged 13,600 
miles coming through the Straits of Magellan. According to Mr. 
Dickie’s figuring he would be about two days away from New York 
when he thinks he is there. 

There is no doubt that Mr. Dickie is all right about the building ; 
he has money enough for that—#680,000. I own a little in the 
Union Iron Works, and I hope he will get one to build at that price, 
for then I would get my share of the profits. 

Somebody else has written an article in the papers giving the 
cost and profits of smaller vessels than Mr. Dickie proposes. This 
writer puts down $220,000 as the’cost of building a steamship carry- 
ing 4,000 tons, and running that ship on something like 14 tons of 
coal a day, and getting 10 knots an hour. It seems to me that is a 
hair-brained proposition, too. I think there is a mistake-about this 
business, and I shall have to take issue with Mr. Dickie in the mat- 
ter of running expenses.”’ 

W. L. MERRY.—‘‘ There are one or two points that I cannot 
agree upon with Captain Goodall. In small steamers there is always 
a disadvantage in carrying freight as compared with larger ones. 

As to the distance between here and New York, I have inves- 
tigated that very thoroughly, it averaged through the Straits of 
Magellan, 13,560 or 18,580 miles. But these are nautical, not statute 
miles, which makes quite an essential difference. 

The criticisms he has made by comparisons with the George W. - 
L:ilder are hardly fair; between this and the ship Mr. Dickie proposes 
to build there is an enormous difference in the type and character 
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Gs freight it will carry, and in the tonnage. I have no doubt it 
would show a greater capacity and less use of coal. I don’t think 
it is a fair comparison to make between these two classes of vessels.”’ 

Capt. GOOoDALL.—‘‘I made a reference to a brand new ship 
planned and built from bottom to top by Mr. Dickie, and what he 
does not know about building ships and engines no one knows. 
‘The little ship called the Pomona developed about 1,000 horse power, 
and burns 2% pounds of coal to each. She makes about 13 knots 
an hour.” . 

Mr. DicKIE—‘‘ The main point made in this discussion, and it is 
avery important one, has been made by my venerable friend the 
Captain, in regard to the consumption of coal. Now I stated in my 
pamphlet that the fuel was first-class steam coal, that the estimate 
was based on Cardiff coal, and the price allowed that paid for 
Cardiff coal at both ends, delivered to the ship. Now other vessels of 
the same size as this ship are doing this work, and doing it every 
day on the fuel that I have proposed. ‘The horse power requisite for 
the speed is 2,200 for a vessel carrying 6,000 tons of freight. Captain 
Goodall’s vessel carrying 1,200 tons of freight requires 1,000 horse 
power, although a development of 700 horse power would give the 
same speed that I propose. 

I am referring now to the Pomona, and the Captain’s statement of 
the consumption of fuel on that vessel needs some explanation, 
otherwise this statement might be compared with the consumption 
on other vessels, and our reputation suffer in consequence. Having 
seen the Captain’s computation of fuel burned, I am in a position 
to explain how he arrives at the result of 2% pounds of coal burned 
per horse power developed. 

The Pomona, running in the Eureka trade, averages 48 hours 
running time, that is from the time the captain gives the go ahead 
bell to the time he slows down at the other end the average time has 
been 21% hours. Now, so much coal is placed on board for the 
round voyage for all purposes, this amount the Captain divides by 
43 hours, and then by the horse power shown by the cards taken 
during the trip. Before he made his computation against the con- 
sumption per horse power of the engines, he should have deducted 
the fuel required to get up steam in San Francisco, the amount 
used in a donkey boiler, taking in freight, the amount used in 
the kitchen on the voyage up, the amount used in Eureka hoisting 
out and in freight, and getting up steam for the down trip, and the 
amount used in the kitchen on the way down. With these deductions 
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he will find the consumption of even the poor quality he uses not 
more than 134 pounds per horse power per hour on the Pomona, the 
percentage used in ports where the voyage is less than one day is 
very great, and this case will not compare with that of a 50-day 
voyage. The power does not increase as the displacement, but 
with the skin resistance of the vessel—the wetted surface, and some 
other factors that enter into it. 

Now I have stated in figures tonight the facts. Here are vessels 
crossing the Atlantic carrying the amount of freight I propose for 
these vessels, and they burn the amount of fuel I have allowed. 
‘Two of the larger vessels on the Atlantic, of the White Star Line, 
have developed a horse power for less than 1% pounds of coal. It 
depends upon the kind of coal that is burned. Capt. Goodall knows 
that the kind of coal used in his vessels is not the same as would be 
used for an economical long ocean voyage. ‘These vessels must have 
steam coal, Cardiff coal. With that kind of coal and the proper 
means for burning it, the consumption will be, in fact, less than what 
I have stated. 

Regarding the distance the vessel would have to run, I was in error. 
IT had assumed 13,060 nautical miles as the distance. That would make 
a difference of three eighths of a knot of speed in the vessel to make 
the time I have stated. But the amount of coal provided was suffi- 
cient for six days more voyage than the time given for the ship. 
The statement of power, and the statement of fuel consumed upon a 
freight steamer that has just made her first trip to Auckland, I know 
to be correct. Her consumption of coal was slightly under 1% 
pounds in the development of horse power up to 1,700. 

As to the certainty of long voyages, the Orient Steamship Co., 
whose ships run about the same distance, are very regular in their 
sailing days. The voyage to the Australian Colonies from England 
is nearly as long as the voyage around our continent by the Straits, 
but not as severe. ‘The modern steamships can be made just as reli- 
able as the railroad train. They are subject to accidents, but these 
accidents are not of so frequent occurrence as one would suppose, 
that is, in vessels that have been built expressly for the business. 

Reference has been made to a vessel that came in here, for a few 
days, that made an exceedingly long trip around the Horn. That 
vessel is not fit for any kind of business. If we propose to carry 
freight from San Francisco to Europe or New York, or from these 
ports, in such vessels, we will meet with failure, and we can’t do 
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otherwise. ‘he idea of cheap ships ever being employed in this 
traffic must be abandoned, for it will never succeed. 

It has been stated here tonight that ships could be built in Ene. 
land for half the price I have stated. . I happen to know the prices 
of several ships on the White Star Line. One of the steamers cost 
£584,000, and she is 20 feet shorter than the ship I propose. It 
has the same outlines and engines exactly. That vessel is employed 
between Liverpool and New York, and the average amount paid for 
freight carried in that vessel is less than $2.50. 

Captain Goodall says these ships would be run out of the busi- 
ness by the railroads, who would reduce the freight. Well, this is 
one way cf getting even with the railroads, if the railroads reduce 
the freights you have only to keep the steamships going to keep 
freights reduced. 

There is a deeper question than that. No company can run ata 
loss except for a short time, or for a certain purpose ; they cannot do 
it forever ; the railroads must earn enough to pay running expenses. 
Now it takes the same amount of fuel to carry one ton a mile on the 
railroads in this country as it does to carry the same amount 20 miles 
on an ocean steamship of the latest make. Such are the statistics in 
England, and they have been compiled very carefully. Now it is 
simply a question of endurance. I hardly think it is possible that 
they can come under a cent a pound for freight and pay expenses. 
When the Sunset route was opened, the railroad people were going 
to carry the wheat that way to New Orleans, and ship from New 
Orleans to England at $10 a ton, and that is the freight I proposed 
for these vessels. The question is simply this, is $10 a ton reason- 
able for carrying goods from New York to San Francisco, or from 
England to San Francisco on 50 or 55 days’ time? If that is a rea- 
sonable freight then the steamships can do it, and do it profitably. 
That is really the only question. The railroads cannot do it profit- 
ably at that price. If the fact of a few steamships would reduce the 
charges for freight on the railroads for all trans-continental freight, it 
would pay to keep them running even if they carried nothing. They 
could run opposition to Captain Goodall now and then, to keep up 
the status of the concern. 

The cost of building ships and the cost of running them is a 
matter that can be brought down to figures, and the statement that 
a vessel of the size I propose can be built in England for $200,000, 
or $300,000, has no foundation in fact. We are not talking of tramp 
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steamers, but of first-class freight steamships, and they do not com- 
pare with each other at all. 

Captain Merry raises a question which I think the most impor- 
tant raised tonight. That we have to pay a large amount:of the 
earnings of our steamships for taxes. Now this is a matter that lies 
entirely with the people themselves ; they make the taxes; and if it 
is a good thing for San Francisco to have steamships, they can legis- 
late to remove the tax on steamships. 

Capt. MERRyY.—‘‘T will state in that connection that the new 
Constitution stands in the way, for it says all property shall 
be taxed. It is a question of getting a new Constitution, and that 
is a very hard matter to do. I would be pleased to see it. It is 
now simply a matter of registering somewhere else. The Pacific 
Mail steamships are all registered in New York.”’ 

Mr. Dickig.—‘‘I may state about the cost of ships for the U.S. 
Navy, now building here, that if the material for them were brought 
on steamships for $10 a ton from where it is manufactured, it would 
reduce the price of one of these vessels in San Francisco $46,000. 
That is the difference between carrying this freight by steamship and 
by rail. We are building a warship of 10,000 tons displacement for 
the U. S»Government ; if the material that comes from the East for 
that vessel could be brought by sea in the time that I have stated, 
and at the rate of freight I have stated, on that one ship it would 
make a saving of $97,000. Now, there is money in this matter of 
carrying freight. It would pay to run a steamship to get the rail- 
road people down to the same rates. under these circumstances.”’ 

W. L,. Merry.—‘‘ What do you consider the difference in cost in 
the building a first-class ship in Philadelphia compared with the cost 
of the same ship built at Liverpool. I see that Cramp says in an 
article in the Worth American Review that he can build as cheaply 
as in England.”’ 

Mr. Dicxrk.—‘‘I understand him to mean that a ship of a 
special class he can build as cheaply as they canin England. They can 
- build an English ship cheaper than we can. For instance, Elder & 
Co. can build an Elder ship cheaper than we. ‘To build ¢he same 
vessel cannot be done as cheaply here as there. ‘The material and 
the labor cost about twice as much; the main difference is, the 
ship builder gets a larger profit in England than he gets here. 
There are ship builders and ship builders in England, and it is very 
dificult to predict what would be the price of a vessel. The 
White Star people have been offered between $600,000 and $700,000 
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for a vessel that has been running over 22 years, and it is almost as 
much as the vessel cost, and yet it could not be bought. 

Vessels for special purposes are not cheaply built in England ; but 
vessels that are standard ships and built by the dozen by everybody, 
and where no reputation is involved in the building, and when they 
are lost no one asks who built them—such vessels are built very 
cheaply.’’ 

Capt. GOODALL.—‘* What do you think of a ship constructed to 
carry both freight and passengers, and to stop at Callao, Valparaiso, 
and Rio Janeiro ?”’ 

Mr. DickrzE.—‘‘A ship carrying passengers as well as freight, 
and stopping at way ports, is a subject that is not in our programme 
tonight. That is a matter of steamship management more than 
steamship building. It is a question I have not sufficient knowledge 
of to give information that would be worth anything.” 

Capr. GOODALL.—‘‘In my opinion, that is the practical way to do 
the business. A large trade could be developed between these way 
ports at good prices, and if the railway people compete on the long 
route, the local business can keep the ships running.”’ 

Capt. MERRyY.—‘‘I made several trips to Australia in sailing 
ships chartered by British merchants, and at that time that work 
was done by large clipper ships. That was along about 1859 or 
1860. ‘This business has now entirely left the sailing ships, and there 
are very few in that trade, the steamships have taken it away. 
That is more analogous to our ocean route than any other. ‘The 
voyage is long, and a portion of it is tempestuous; but notwith- 
standing that fact the lines of steamers between Australia and Eng- 
land have absolutely run those sailing vessels off, and many are now 
hunting trade from San Francisco. 

Another point I wish to mention is this: Mr. Huntington is a 
very astute man; he is probably one of the best financiers in rail- 
roading and one of the shrewdest operators that this country has pro- 
duced. That man, when he saw he had to make a fight on overland 
traffic, notwithstanding he owned a railway from Newport to New 
Orleans, practically had his connection from Newport to New York, 
he bought out the Morgan line of steamships between New York 
and New Orleans, for the express purpose of making that fight 
aud beating the overland railroads ; and notwithstanding that route 
is attended with several difficulties, he has been able thereby to dic- 
tate the policy of the overland companies crossing the continent. 
When you come down to the basic fact, water transportation will 
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always beat railways when time alone is not requisite. Itis Nature’s 
highway—it is God’s highway; it requires no tracks; it is free to 
everybody, and when we consider how much greater the operating 
expenses of a railway are than running ships, we can see how diffi- 
cult it will be for railways to compete. Water transportation will 
always beat the railways, provided there is an opportunity to put 
the ships on, and getting freight for them. I think that is a demon- 
strated fact. 

I tell you, gentlemen, this is really the solution of the position 
of this port. It will never be a railway center, from the fact that we 
are at the end of a long haul, and can have railways only on one 
side of us. As a seaport we have great advantages at our command. 
Until this is made a seaport in the full acceptation of the term, San 
Francisco will never be what her locality should entitle her to be in 
fature::” 





DISCUSSION OF TOPICAL QUESTIONS. 


{Held Dec. 4th, 1891. From stenographic report. ] 


The following question was submitted : 

Flow can we account for the fact that machine work in San Fran- 
cisco is, with few exceptions, not made to standard sizes ? 

Mr. RIcHARDS.—‘‘I am qualified in one way to say something 
upon this subject, that of always having felt a great interest in it, 
and have never been able to discover a single reason why work in 
San Francisco should be made to no standard whatever, of any kind. 
As to giving you any light upon the subject, I have something to do 
with standard measures, but remarks upon that subject would hardly 
be speaking to the question. 

To make use of a national standard would, in some parts of the 
world, increase the value of machinery ten per cent. In Sweden, 
for example, machinery not made to standard sizes would be reduced 
ten per cent. in value. I think the same is true in South and Central 
America, but am not so certain about it there. The commercial 
phase of this question is of particular importance. As to the 
mechanical part, there are none better able to discuss it than the 
Technical Society ; not only a few, but a great number of its mem- 
bers. Perhaps Mr. Dickie will favor us with a statement of the 
facts as they exist.”’ 
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Mr. Dick1kE.—‘‘ There are some things in regard to measures 
that are not standard that can be explained. For instance, an inch 
board is seven eighths of. an inch thick, and a two-inch board is one 
and three;fourth inches thick. The reason of this seems to be that 
the person who cuts up the timber expects to get so much out of it, 
and adjusts the sizes accordingly. 

In regard to iron work the same rule prevails. Shafting has been 
made, as.a rule in San Francisco, from merchant bars, and each 
shop, I believe, has a different gauge for shafting, and these are ina 
large degree dependent upon the opinions of the foreman of the shop. 

Sometimes the standard has to be changed for shafting. I 
remember, eighteen years ago, of a very large shipment of bars for 
shafting from England to San Francisco, none of them would turn 
up to the gauges, and the gauges had to be made to suit the shafts. 
So it has gone on until we find that each shop has a sort of inde- 
pendent practice which prevails in these matters. 

Why it continues now is a mystery ; there is no necessity for it 
whatever. It is a source of infinite trouble, annoyance and confu- 
sion. Suppose that a Mexican firm sends here for a certain size of 
shafts, and they are sent there, and they are not to standard size, 
there is trouble about it. I think our company has a good many 
tons of shafting in Mexico that has never been paid for, because not 
of the size ordered. 

If the manufacturers would come together in a right spirit, they 
could regulate this matter. The great difficulty is that if one shop 
adopts a standard, the other shops adopt something else; they are 
enemies to each other, and they are apt to injure each other when- 
ever they can. There is an opinion that if you send out machinery 
that nobody else can fit parts to, it will come back to the same shop 
for repairs. 

Except for shafting, and round work generally, I believe there is 
a sort of gauge system. Unfortunately, each shop has its own. 
Until the proprietors get closer to each other, and will consult pleas- 
antly about matters in general, there is no help for us. ‘The only way 
by which this can be brought about is a better feeling among the 
manufacturers. A society like ours can not dictate to them, or influ- 
ence them very much to make their work of the same size. Until 
San Francisco gets out of her provincial ways, in more things 
than one, we will have to continue as we have been doing. 
Kiverything is governed here by ‘‘certain powers,’’ not amenable to 
technical influences. 


> 
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Then again, as long as customers will accept a false shop gauge, 
and irregular dimensions without demurring, and as long as they are 
satisfied with machines that fulfill their purposes without any refer- 
ence to*standard gauges or sizes, that long the present system will go 
on. ‘There are but two ways by which change can be brought about, 
either the customers must insist upon certain rules and regulations 
in regard to gauges, or else proprietors of establishments that manu- 
facture machinery must get together, compare notes, and establish 
something in common that all will receive.’’ 

Mr. BEHR.—‘“‘ How do you manage in your own work ?’’ 

A.—‘‘In shafting, for example, I get the actual size of the shaft. 
The Eastern manufacturers advertise their shafting, and give the 
actual size to which it is turned, and do not state that a shaft is three 
inches which is actually two and seven eighths.”’ 


Q.—‘‘ Do you figure the decimal foot and inch on your work?’ 

A.—‘‘No. I use the English system of measures, inasmuch as 
we have not the metric system in use.”’ 

Mr. VISCHER.—‘‘’T'o what extent does variation of sizes exist in 


the shops ?”’ 

A.—‘‘A three-inch shaft would not fit a hole bored in another 
shop. It would depend upon what shop it came from; but roughly 
speaking, perhaps by as much as one sixteenth of an inch.’’ 

Q.—‘‘ What uniformity would you expect in work of a specific 
size, coming from the same shop? Does that also have to do with 
the matter? If a uniform system were adopted would not the work 
itself be better and more accurate? ”’ 

A.—‘‘In most of the shops a uniform system is adopted, so far 
as shafting is concerned ; that is, they adhere to their size. They 
‘have gauges for shafting, and a shaft is finished to these sizes. A 
pulley ordered from the same shop would fit.”’ 

Q.—‘‘ There is no economic reason why a uniform standard 
should not be adopted, is there? Would a gauge suitable to one 
shop be equally as suitable to another as far as the two are con- 
Gemiec: ta) 

A.—‘‘ Yes. But arbitrary gauges should not be adopted ; that 
is, standard sizes should always be adhered to. Nowhere is there 
any strict adherence to gauges where heavy machinery is involved ; 
it would not be possible. For instance, in the reaming of a very 
long hole for bolts and connecting rod ; bolts, say three and one half 
feet in length, it will often occur that one of these holes has to be 
reamed slightly larger than the others, and it is absolutely necessary 
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in order to bring things together. While the specifications might 
require that these things should be interchangeable, they are not 
strictly so made.’’ 


Q.—‘‘At the same time the case you are stating now is not one 
of those which lies within the scope of your first remarks ?’”’ 
A.—‘‘ No. In the matter of shafting, and round forms gener- 


ally, as they are used, and turned work, there is no reason why stan- 
dard gauges should not be used. ‘There need be no arbitrary sizes ; 
the standard gauge should be used as it is used for threads.’’ 


Q.—‘‘ To what extent is the more uniform practice carried out in 
the Hast?” 
A.—‘‘ The gauge system prevails quite generally among manu- 


facturers of machines. It is not used so much in regard to the 
manufacture of engines as of machines. In machines used in tex- 
tile manufactures, for instance, a gauge system is absolutely neces- 
sary. If we on the Pacific Coast should manufacture such machinery 
gauges will be forced into the machine shops. I doubt whether the 
gauge system is carried out so perfectly in this country as in Kurope. 
Mr. Richards knows better than I in regard to that. I know that in 
flax machinery a change wheel coming from almost any of the 
European works would take its place on any machine that had been 
made within the last fifty years, and fit perfectly. It is a great 
advantage to have it that way. I think the interchangeable system 
is nowhere carried out as it is in that branch. For spinning long 
flax there are gear wheels extending up to hundreds, and you may 
take a frame made in Leeds, and a frame made in Scotland, and, I 
think, also in France, and the same change wheel can be used on all 
of them. 

The system of gear wheel making, too, is much more perfect there ; 
not wheels that are cut, but those that are cast. I think one could 
give an order to Chambers for change wheels made by his machines 
to fit on a machine made by any other firm within a range of fifty 
years, and when received, it would fit in its place.’’ 


Mr. RICHARDS.—‘‘ They do not make wheels in common found- 
ries in England ; that is a wheelmaker’s special business.’’ 

Mr. BEHR.—‘‘Are all the calendered shafts made to the same 
gauge?’’ 

A.—“ They are made to a standard gauge, and very accurately.’’ 

Q.—* Do all manufacturers in England agree on the same stand- 
ard??? 


A.—‘‘Yes. It is a national standard gauge.’’ 
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Mr. ViscHER.—‘‘Are you able to tell us through what agency 
the uniformity that exists in Europe was brought about ?’’ 

Mr. Dickizx.—‘‘I think, perhaps, through the agency of half 
a dozen of the earlier mechanics about the beginning of this century 
who established gauges, and were persistent in maintaining and pre- 
serving them. Perhaps Whitworth has had more to do in establish- 
ing gauges for England than any other man. Before his time I think 
Clement was the first to work systematically with gauges.’’ 

Q.—‘‘In the early days of engineering in the United States were 
there not American manufacturers who used their efforts in that 
direction—Sellers, for instance ? ’’ 

A.—‘‘ That was at a later date. Although Sellers has always 
had gauges of his own. I don’t think he has ever made any effort — 
to make gauges that would be generally applicable to the work of 
the country.’’ 

Q.—‘‘ Was not his influence sufficient to make other manufac- 
turers adopt his gauges ?”’ 

A,—‘‘No. The Sellers’ thread has not been adopted.’’ 

Mr. RicHARDS.—‘‘ The American Standard Gauge Works, in 
Wilmington, have produced more gauges than any other firm in this 
country, but have not written about itso much. The gauges sup- 
plied exceed one hundred thousand.’’ 

Mr. DickIzk.—‘‘In regard to measuring by touch, has there been 
any other method used in shops as practical ?’’ 

Mr. RicHARDS.—‘‘I think measuring by sight is only a labora- 
tory process. J am so prejudiced about it that I am almost afraid to 
make any remarks. I dislike the whole scheme of visual readings. 
A machine has been made by Sir Joseph Whitworth by which the 
one millionth part of an inch can be ascertained. A visual reading 
cannot do that. In my opinion it is impracticable, except as a 
laboratory method. I am speaking strongly so as to provoke dis- 
cussion.”’ 


Mr. Swain.—‘‘ Watch factories are using, almost exclusively, 
the sight gauges.”’ 
Mr. Dickik.—‘‘ There is one difficulty about measuring by any 


kind of visual reading. Most any workman or mechanic can under- 
stand touch—he can feel, but it is a different matter when it comes 
to perception by sight; there is always the liability of mistake by 
‘reading a scale wrong; it requires some education. But a lathe man 
who is accustomed to calipering, can feel with wonderful accuracy ; 
some are exceedingly expert. Now, for instance, we put liners into 
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steam cylinders, and have to determine the fit required to put one in 
a cylinder under 80 tons pressure ; we have our lathe men who can 
do this, and it will fit precisely in its place. That requires meas- 
urement that no sight reading that I can conceive of, would accom- 
plish.”’ 

Mr. SwaAin.—It seems to me that one reason why western cities 
have failed to have a standard is because drills and reamers, and all 
standard tools used to do the work have been available in the East- 
ern States ; but if a western shop wants to fit a piece of -work the first 
thing done is to drill a hole and fit a piece into the hole. They go 
into the blacksmith’s shop and have a drill hammered out to the 
nearest size that can be got from the scale, sometimes it is turned and 
sometimes ground on a stone, to fit the work ready to drill. But in 
the Eastern States you can go into a store and get standard drills 
and reamers. ‘They have a better chance to attain standard work. 
It seems that a set of gauges are useless in a shop without having 
the means and tools also to do the work. In Palmer & Rey’s shop 
we are using, almost exclusively, Richard’s standard gauges, and we 
find them very satisfactory. We are using them in conjunction with 
the Morse reamers.”’ 

Q’—‘‘In the armories, do they follow the standard gauge in 
minute measures ?”’ 

A.—‘‘T think the original standard was obtained from Whitworth 
& Co., and duplicates made of varying degrees of accuracy. The 
cheaper ones were given out around the shop, while the better ones 
were kept in the different departments of the main office, and in the 
fitting of the gun parts every foreman has two gauges. One is an 
allowance for error, the other a small one, and the piece of work must 
be fitted so that it will not go through the small gauge, but must 
go through the larger one. In that kind of work a certain amount 
of error must necessarily be allowed, although the error in gun work 
is very slight because the pieces are small. As they increase in size 
the difficulty of duplicating is very much greater. Although one can 
have a standard gauge for boring a cylinder or anything else, it is 
difficult to keep a tool of such size that it will duplicate any number 
of them and keep absolutely to that standard.’’ 

The Elgin Watch Factory uses the metric system and sight 
gauges entirely, they are not dependent upon the condition of 
the workmen, that is, whether a man feels well or not in the 
morning. The difficulty of calipering a piece of work is this, the. 
same man will caliper differently at different times. The sense of 
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feeling varies. I think two cylinders held up to the light will show 
almost as fine an error by sight as can be found through the sense of 
touch.”’ 

Mr. Woopv.—‘“‘I am not in the ranks of mechanical engineers, 
I am only a contractor. Still I have a profound appreciation for 
their work. Societies in the east, analogous to the ‘Technical 
Society, have done a good deal toward establishing uniformity in 
some lines of work, and I do not see why they should not accomplish 
something in that direction. I believe it would be well for the off- 
cers of this Society to prepare a circular, worded in the technical 
lore of Mt. Dickie or Mr. Richards, or a committee including those 
members, and have these circulars distributed among the various 
shops in the city and among those directly interested in this matter, 
so as to get an expression of opinion from them, and the arguments 
from their point of view. I do not see why this Technical Society 
is not competent to draw their fire and to agitate the subject, and to 
keep it up until some uniformity is secured. I will say, as a repre- 
sentative of a contracting firm, that I would welcome most gladly a 
uniform standard in any work. Now, we have hardly a uniform 
standard in anything.”’ 

Mr. Dow.—‘‘ Unfortunately I am one of those manufacturers 
who have so many different gauges to contend with, or rather I did 
have them some six or seven years ago, so that I found it necessary to 
take a positive standard. I used the Brown & Sharpe system of 
gauges for all diameters up to 24 inches. I must say that in my own 
works I do not suffer any inconvenience. But I know, in general, 
the shops in this City do not do their work on the gauge system, and 
as a general rule such a system is very badly needed. I think the 
only plan is to do as Mr. Dickie says, ay the proprietors together 
and work in harmony and good feeling.”’ 

Mr. RicHARDS.—‘‘ There has been very little maid about the econ- 
omical part of the problem, the saving that may be effected by this 
system. I don’t know that anybody is prepared to give any statistics 
about it, only by general observation. There is an economical prob- 
lem lying at the bottom, in the matter of tools and cost of doing 
work.”’ 

Mr. Dick1k.—‘“‘It is not so much in obtaining gauges and hav- 
ing them, as in the working thereof. Little mistakes are made and 
rectified, and machines go out without any record of these correc- 
tions, that makes a great deal of trouble—a thing is supposed to be 
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made to a gauge when it is not. I believe that gauges in many 
kinds of work can make a saving of at least 60 per cent.’’ 

Mr. BEHR.—‘“‘ Mr. Richards spoke about machines manufactured 
for South America, and if made to a standard would sell more 
readily. I suppose it would be necessary to use the metric system, 
as in France and Germany, and all European countries where this 
system is used.”’ 

Mr. Dickrk.—‘‘ All the work we have got from Krupp has the 
Whitworth threads, unless specially ordered otherwise. I noticed 
that the French specifications all call for Whitworth threads. In 
some work that we procured for the Sax Francisco we had to renew 
the screws after they were received here. So we are just as badly 
off with the work of other people as other people are with our 
own.’ 

Mr. RicHARDS.—‘‘I was not aware that the English standard is 
used in France and Germany for threads. I suppose it is done for 
commercial expediency. In places like South America and distant 
parts of the world, the English have gone there first, and the 
measures generally had to conform to their standards.’’ 
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REGULAR MEETING, FEBRUARY 5th, 1892. 


PROCEEDINGS. 





MINUTES. 


‘The meeting was called to order at 8:30 Pp. m., by Mr. C. E. 
Grunsky, Chairman. 

The minutes of the last regular meeting and of the annual meet- 
ing were read and approved. 

The following new members, having been balloted for, were 
declared elected : 


Theodore Wetzel; Supt=Derbec Mine:..... North Bloomfield, Cal. 
TAC, Russel SMechavicaieinoineer.. 2) 2 a. San Francisco, “ 
Ieank, Hi. Olmsteaduec sve aeineer. ll i. es Riverside;an: 
Geo. Py Cramer "ourvevormenunion) o.... 2... 6s) ¢. Seattle, Wash. 
Jor: Morrow, Surveyor me mimic A... .. San Francisco, Cal. 


The following names were proposed for membership and referred 
to the Board of Directors : 

Bernard Bienenfeld, Civil Engineer, of San Francisco; proposed by Ross 
KE. Browne, Frank Soulé, and Hermann Kower. 

Conrad Eimbeck, Civil Engineer, of Guaymas, Mexico; proposed by 
Hubert Vischer, Luther Wagoner and Carl Stetefeldt. 

D. C. Henny, Civil Engineer, of San Francisco; proposed by Hubert 
Vischer, Geo. F. Schild and John Richards. 

Alexander M. Reynolds, Civil Engineer, of Seattle, Washington ; proposed 
by J. P. F. Kuhlmann, H. C. Behr and Otto von Geldern. 

Arthur H. Sanborn, Ass’t City Surveyor, San Francisco, proposed by 
H. D. Gates, Otto von Geldern and Geo. F. Schild. 

Mr. N.S. Keith invited the members to visit his place of busi- 
ness to inspect a new electric drill. He stated that the time between 
10 and 11 A. mM. would be most suitable, during the coming week. 

A communication from Mr. Luther Wagoner was read, in which 
he donated to the Society a complete set of Van Nostrand’s Ang7ieer- 
ing Magazine, consisting of thirty-four bound volumes, and express- 
ing the hope that similar donations would also be made by all who 
have the Society’s welfare at heart. 

The Secretary was instructed to communicate with Mr. Wagoner, 
and to express the appreciation of the members for this valuable gift. 

Mr. D.C) Henny, Civillizneineer, then read an interesting 
paper, treating of ‘‘ Water Pipes built of Wooden Staves,’’ a sub- 
ject comparatively new to the profession, which caused considerable 
discussion, entered into by a number of prominent members. 
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and Professor Kernot, of the University of Melbourne, Australia, 
also spoke briefly on the same subject. 

(This paper, with its discussion, will be published in the next 
number of the Transactions. ) 


DISCUSSION OF TOPICAL QUESTIONS. 


The topical question submitted for discussion was announced by 
the Chairman : 
What ts the effect of wind on the mean velocity of a river ? 
The Secretary then read the following communication from the 
author, Mr. D. E. Hughes, in order to incite general interest in the 
subject : 


CONCERNING SURFACE SLOPE OF WATER, DUE TO WIND; AND THE 
HFFECT OF IT ON THE MEAN: VELOCITY OF A STREAM, 


Not till after this question was proposed did the writer learn that 
anything would be required of him, or something easier would have 
been sought; yet, in preference to retreating, this paper is offered, 
with the sole plea, however, that it may provoke discussion. 

Wind imparts to water a nearly horizontal force, which, taken 
with gravity, furnishes a resultant out of plumb, thus causing a sur- 
face slope. This wind force is due to what, for want of a better 
name, is called fluid friction, and to a component of wind pressure 
on an oblique plane. This plane is furnished in the windward side 
of waves, by the inclination that the surface of the water has already 
attained, and, maybe, by virtue of a dip of the wind. 

Fluid friction and wind pressure are both quite generally assumed 
to vary as the square of the velocity (v’). Gravity on a column of 


water varies as the depth (d). If nothing more were taken into 


é ’ V : 
consideration, it would appear that the slope equals k , where k is 


d 
a constant. 

Wind acts more on the upper portion of a body of water than it 
does lower down. In consequence of this, is there, in addition to the 
undertow of the waves, any under-current windward caused by 
super-elevation of the general surface at the leeward side? If so, then 
the above expression for slope must be diminished by what?  Pro- 
bably some function of depth, and velocity of the wind. 

The writer does not deny that there is an underflow due to the 
existing differences of head, or, rather, to a tendency to a still greater 
difference ; but he thinks, without much investigation, however, that 
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in case of shallow water, where viscosity and bed resistance are rela- 
tively great, the negative quantity, occasioned by the undercurrent, 
is small in comparison with the positive term, and, since wind slopes 
on water of considerable depths are trifling anyway, the opinion fol- 
lows, that for most practical purposes the simpler formula will be 
sufficiently correct, if it is adjusted to water 4 feet deep and wind of 
40 miles. 

The coefficient required for this must be supplied from observation. 
An approximate one is deduced from the following imperfect data. 

In the southern part of the Colusa Lasin, which is a depression 
flanking the right bank of tbe Sacramento River, north of Grafton, 
there is an area about 9 miles long, which is very nearly level length- 
wise, and practically bounded at the ends by levees. Its direction 
is that of the south wind, and ‘‘ northers,’’ which come there from a 
little east of south and west of north, respectively. 

Last winter it was observed that a strong south wind raised the 
general surface of the water at the north end 6 inches on a stake 
some distance from the levee where the water, on a still day, was 4 
feet deep. 

The ground being level, the slope lengthwise of the trough was 
probably not quite uniform owing to change in depth caused by the 
slope, but the excess in the half where the depth of the water was. 
diminished so nearly atoned the defect in the other half that the aver- 
age for the whole was practically the same as that obtaining at the 
center, where the depth of 4 feet was not altered. The width of the 
water, averaging more than 3 miles, was not uniform ; but its figure 
was so nearly symmetrical, with respect to the mid-cross-section, that 
the depression of the surface at one end is assumed equal to the ele- 
vation at the other, or 6 inches, making a total fall of one foot in the 
length of 9 miles. 

I do not know what the velocity of the wind was, but make the 
assumption (and the constant is at the mercy of it) that it was 40 
miles per hour. 

The levee on the north end of the 9-mile trough does not extend 
clear across, but turns to a northerly direction, leaving a channel 
west of it. Up this channel about 114 miles, where the ground is a 
half-foot higher, another observer noted as follows: ‘‘ Depth in calm 
a little less than four feet ; surface depressed by strong north wind, 
8 inches.’’ 

It may be noticed that the slope found, will, when reversed and. 
extended 11% miles, just fit this case. 
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These observations were not made with a view to their technical 
value, but are, nevertheless, trustworthy as far as they go. 

I think that a little of that slope was borrowed from the tendency 
to a greater one in the shallower water along the sides, and that if 
the 4-foot water had been kept separate from the rest by parallel 
levees, the surface fall between them would not have exceeded one- 
tenth foot per mile. Putting this in the formula it becomes : 

ie q (Velocity of wind in miles per hour. )? 
Pall in téetiper DiGi ee 
4,000 times the depth in feet. 

As before mentioned, this rule, even if the above data were cor- 
rect, is right only for a 4-foot water and a 40-mile wind. For a less 
depth it does not give quite enough, while for deeper water it shows 


too much. 
It is desirable that much and varied data on this point be 


obtained, not only to test this coefficient, but in order that the ele- 
ments of a better formula may appear. This rule indicates that the 
slope of ordinary rivers is not appreciably affected by wind, while 
water 6 inches deep may be driven entirely out of a pond by a not 
very uncommon wind, if the bordering ground rises not faster than 
8 inches to the mile; and thata stream 2 feet deep, falling 2% inches 
per mile, will be stopped by a 40-mile wind, unless its feeder can 
furnish it more head. 

Now suppose a canal 4 feet deep with a fall of 0.4 feet per mile, and 
a 40-mile head wind. How shall we calculate velocity ? Will it be 
proper to simply reduce the 0.4 fall to 0.3, and use that as though 
no wind were blowing; or should we calculate velocity due to 0.4 
then to 0.1, and take the difference ; or may we suppose the wet peri- 
meter to extend clear around, thus diminishing the hydraulic radius, 
and use some averge coefficient, if so, what slope must we take, 0.3, 
0.4, or 0.5; or must the problem be approached from an entirely 
different standpoint ? 

The last paragraph above is inserted only to enumerate the plans 
that may suggest themselves before the proper one is determined upon. 





The Chairman stated that this question would remain open for 
discussion, and that communications from any one in the Society 
were invited in order to examine into a subject that promises to be 
of considerable interest. He hoped that it would be brought up 
again in the near future, and advised the circulation of Mr. Hughes’ 
statements among the members. 

Adjourned. OTTO VON GELDERN, Secretary. 
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WATER PIPES BUILT OF WOODEN STAVES. 
By D. C. HENNY, MEM. TEcH. Soc. 


[Read Feb. 5, 1892.] 


Wooden stave pipe has been so largely used in some of our 
western states, notably Colorado, for carrying water for domestic sup- 
ply and irrigation, that it is surprising to find this kind of pipe com- 
paratively little known in California. 

The title of this paper indicates my intention not to discuss 
wooden pipe in general, and if I refer to bored log pipe here, it is 
because experience with it extends over a longer period, although 
the use of wooden stave pipe is by no means new. ‘That a century 
and less ago hundreds of miles of bored pipes have been used in 
England and in some of our eastern cities, before there was a 
demand for high domestic pressures, is well known. But what is 
perhaps not so generally understood, is that their abandonment has 
not been due to any supposed or real unfitness of clear sound wood as 
a water carrier, but to mechanical causes, involving both its strength 
and its cost. And it is for this reason that their use has been 
resumed, in such shape and with such improved methods of manu- 
facture, as to make it meet the requirements of the present time. 

The remarkable lasting qualities of wood, when constantly under 
water are well understood. A wooden pipe filled with water, under 
pressure is, as far as the wood is concerned, in the same condition 
as if it were submerged, even though the soil in which it lies be 
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perfectly dry ; provided of course that the thickness of the wood is 
not excessive, so that the water can penetrate it for its full thickness 
and thus maintain a condition of complete saturation. ‘The experi- 
ence with bored log pipe demonstrates this fact. Numerous are 
the instances of bored logs, dug up after many years of service, and 
all such pipes were sound when taken up, unless they had been 
suffered to remain in the ground long after they had been abandoned. 
The principal qualities which material for pipe should possess are 
water-tightness, smoothness of interior surface, and durability ; great 
strength is not necessarily one of them, for although the strength to 
resist inside pressure may be vested in the material of the shell 
itself, as in uncoated iron and steel pipe, it may also be concentrated 
upon the outside surface, or spread around it, and thus be kept from 
contact with the water. In fact, when we consider the great care 
exercised in coating iron and steel pipe it is apparent that the coat- 
ing forms the real shell, the material back of it simply serving to 
support it. This is especially evident in the cement lined pipe, 
which has been much used in the East, the cement having no 
strength of its own against bursting. The necessity of coating iron 
and steel pipe is, of course, due to their being short lived materials 
when in contact with the water, and for this reason undesirable for 
pipe shell in the sense the word is here used, although eminently 
fit to support it. Use wooden staves instead of asphalt varnish for a 
shell, concentrate your metal in the most advantageous form around 
it, and you have the wooden pipe of which I am to speak. I do 
not mean to imply, however, that in this manner the stave pipe was 
evolved in practice, for it has too close an analogy with the ordinary 
water tank and barrel to doubt that these were its real progenitors. 


DESCRIPTION OF PIPE. 


This pipe may be considered an indefinitely extended horizontal 
cylindrical tank. The staves are dressed like tank staves, the 
flat sides to the cylindrical surfaces conforming to the inside and out- 
side diameter of the pipe, the edges to radial lines. Some pipes 
have been built with slightly V shaped edges, male on one side, 
and female on the other, which offers some advantages in its con- 
struction, but does not give as firm a bearing of one stave upon 
the other. Thus far the pipe and the water tank are exactly alike. 
The difference enters with the necessity, with pipe, of joining the 
butt ends of the staves. Joints are generally weak places in all pipe, 
and it is an advantage with this pipe, that the staves can be 
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made to break joint so that this weakness may not occur at 
the same point, but be distributed along its length; in this © 
manner the pipe becomes one continuous stiff tube, with no 
tendency to settle in one place more than in another. To find a 
sure and simple method to make the butt connections tight under 
pressure, Mr. C. P. Allen, some nine years ago, while chief engineer 
of the Denver Water Company, being called upon to construct a 
48-inch pipe line for his company, instituted a series of experi- 
ments, the results of which he finally patented. It is under this 
patent that most of this pipe has been built. 
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His experiments covered both the best butt joint and the most 
practical form of bands and shoes. ‘The ordinary tongue and 
groove was tried, and so were other simple wood connections. 
Whether it was due to the difficulty of cutting and preserving the 
sharpness of all corners and edges ; whether to slight imperfections 
of the wood at the ends of the staves, such as small shakes 
and cracks; to a greater deflection under pressure of the stave 
at the joint, than of the adjoining stave where no joint occurs, 
or to other causes; the pipe showed an aptness to leak at the 
intersection of the seam and butt joints, in other words, at the 
corners of the staves. It was not until the simple device of 
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inserting a piece of band iron in the end of the stave was resorted 
to, that the problem was satisfactorily solved. As it is now used, 
the plate is usually cut of No. 12 band iron, one and one half inches 
in width. The stave is slotted in the ends to receive these plates, 
as shown in Fig. 2. 





Fic. 2. VIEW oF Burr JOINT. 


Now imagine a joint without the plate; the space left for it is 
smaller in all directions than the plate itself. It is less wide than 
the thickness of the plate, so it fits snug, and the edges of the plate 
penetrate the wood, sidewise in the bottom of the slot, and endwise 
in the side of the adjoining staves. It carries the contact of stave 
against stave, as far as water tightness is concerned, back 34 of an 
inch from the end of the stave, thus neutralizing the effects of such 
imperfections in the wood as do not extend further than the depth of 
the slot, and secures an equal deflection of the stave, at the butt, and 
of the adjoining staves. The stave is thus square at the ends, hav- 
ing no projecting corners which can be easily damaged. And 
although the staves are slotted at the mill, it is no slight advantage 
that this slotting can be easily done with a common hand saw on the 
work, in case staves are cut. 

The thickness of the stave depends upon the pressure of the 
water, the size of the pipe and the load upon it. The thickness 
required for various pressures must be determined by experiment. 
I know from experience that redwood of a thickness of 136 inch 
shows no sign of the water oozing through under a pressure of 165 
feet, and I am inclined to the opinion, seeing that every annular 
ring in redwood contains a very hard, flinty shell, of which there 
are some 20 or 25 to the inch, that that thickness will prove tight 
under much higher pressure. ‘The diameter of the pipe and the 
superincumbent load determine the thickness of the staves, which 
act as an arch to support the load. 

In attempting to calculate the required thickness of the wood for 
various diameters and top loads, we meet with the obstacle that the 
initial compressive strain in the wood, caused by the tightening of 
the bands, being one of the main factors, is rather uncertain and 


§ 
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hard to determine, varying along the length of the pipe with the 
number of bands, and with the degree of swelling of the wood; I 
therefore take experience and experiments to be a safer guide. 

The first wooden pipe built in Denver was 48 inches in diameter, 
and the staves were cut from 2-inch lumber, running about 15 inch 
in thickness. Where this pipe was laid in good material it pre- 
served its circular section, but part of it was laid in soft muck, and 
there the pipe became somewhat elliptical, in some places, with the 
long axis horizontal, in others vertical, as the loads on top or those 
on the sides were in excess. By dumping slag from the smelters, 
either alongside or over the pipe, it was restored to its original shape 
without trouble. This shows that here the safe limit for 2-inch tim- 
ber was nearly reached for pipes which are to be covered two or 
three feet. 

A 72-inch pipe was built on the Maxwell grant, in New Mexico, 
of 3-inch lumber, running about 2% inches after dressing, and no 
flattening was observed. 

The banding of the pipe is done in a manner similar to tanks, 
except that instead of flat iron bands, round steel is used. Herein 
lies the main difference between the stave pipes which have for years 
past been built in the East, and those which have during the last 
eight years been constructed in the West. 

A pipe line, that at the time attracted considerable attention, was 
built by Mr. Fanning, for the water works at Manchester, New 
Hampshire, for water power purposes. It is six feet in diameter, 
banded with flat iron, and Mr. Fanning writes that it is in good 
condition. It was built in 1874, and is described in his treatise on 
water supply engineering. 

The round form of bands is advantageous in as much as the life 
of the pipe is that of its shortest lived parts, which are the bands, 
although it is of course possible to replace old bands by new ones 
without abandoning the timber shell. Now the circle has a maxi- 
mum area with a minimum of circumference, and thus offers the 
least possible surface to corrosive influences. Besides, the round 
form offers special facilities for joining the ends so they can be 
tightened with a single nut. 

_ The question may be asked: why, if round bands are economi- 
cal on pipe, they are not commonly used on tanks? ‘This is due to 
the tapering shape of tanks, which allows the bands to be cut to 
exact lengths and riveted, and to be driven down from the narrow 
top of the tank without any other arrangement for tightening, the 
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same as with barrels. It cannot be denied that a flat band has a 
better bearing on the wood than a round one, but that this larger 
bearing is entirely superfluous, I will endeavor to show further on. 

These rods are, before being bent, simple straight bolts, with a 
head at one end and a thread and nut at the other, in length from 
three to five inches longer than the outside circumference of the 
pipe. They are bent on the work on bending tables, and then 
dipped in mineral paint or asphalt varnish, and hung up to dry 
several days ahead of the work of pipe laying. For large pipes two 
segmental bands are used, the rods otherwise becoming too long and 
heavy for easy handling. 

The ends of these rods are joined together by means of a cast 
iron shoe, or saddle, of a simple form — several forms being in use. 
They are all shaped to fit the outside surface of the pipe for which they 
are designed. In each there is a shoulder for the head and a shoulder 
for the nut, the threaded end being made to he over the head. Thus 
the strains on the shoe are not only as much as possible compressive 
strains, but they are all through the center line of the shoe, producing 
no tendency to twist, as is, for instance, the case with a casting in 
which the ends of the bands lie alongside each other. These castings 
can all be made at a low price per pounds there being no machine 
work about them. 

CALCULATION OF STRENGTH. 

To properly decide upon the diameter and spacing of the bands, 
we must understand the exact purposes for which they are put on. 
On a grade line pipe they serve the purpose of holding the staves 
together and securing the rigidity of the pipe and the tightness of 
the seam joints. There is an initial strain on the band when tight- 
ened, equal to the compressive strain in the wood. This strain is 
increased as the wood swells, when water is let into the pipe. The 
additional strain due to this cause, however, can never attain great 
proportions, as it increases very gradually, and is kept in check by 
the simultaneous adjustment of the fibre under the band. Finally, 
there is a strain on the band caused by the weight of the water from 
top to bottom of section, which may amount to about 16 pounds for 
12-inch, and 2,074 pounds for 10 feet pipe, per lineal foot of pipe. 
Of all these strains, the one produced by the cinching of the 
bands is most important. In some cases the bands were spaced 18 
inches apart with satisfactory results, on pipe under light heads. 

For a pressure pipe we have to consider the bursting strain. No 
matter whether the shell be a mere coating of tar or asphalt, ora 
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lining of cement, or wooden staves, a certain area of iron or steel is 
required on the outside to resist these strains, and in the case of 
wooden pipe it remains to so divide it over bands of the right diam- 
eter, that the staves may receive support with sufficient frequency to 
prevent excessive deflection between the bands, and excessive inden- 
tation at the bands. 

The distance between the bands for bursting strain is expressed 
by the following formula : 


2S 
ais) fs iP 
/ being the distance from center to center of band in inches. 
S ‘* the admissible strain on the band in pounds. 
- @ ‘* the inside diameter of the pipe in inches, and 
P “the pressure of the water in pounds per square inch. 


The distance between the bands, which keeps deflection of the 
stave at its weakest point (that is the butt joint ) within roo part 
of the span from band to band, is: 

25.6 h 
pP 
h being the thickness of the stave in inches. ‘Therefore, the condi- 
tion imposed by the deflecting of the stave is: 
25.6 h 
VP 

I give this formula rather to show the relation between distance 
of bands, water pressure, and thickness of stave, than that I would 
unreservedly recommend it for use. While it is based on a modulus 
of elasticity in relation to bending of 1,600,000—as given by Weisbach 
for wood, generally, which may be too high in the case of redwood— 
on the other hand, the limit of t'sc, the span for permissible deflec- 
tion, is arbitrary. Experience has so far shown that where seam 
leaks have been found, they were clearly due to imperfect lumber, 
imperfect milling, damage to the stave in handling, or insufficient 
cinching of the bands, and not to excessive distance between the 
bands. 

To a possible crushing of the fibre under the band, I have 
already referred. Redwood is but slightly indented under a pressure 
of 1,000 pounds per square inch, and I find that a rod may sink into 
the wood so as to get a bearing of 60° along its circumference, 
indenting the wood to a width equal to its radius, without perceptible 
damage to its fibre. The safe resistance of the bands against the 
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staves thus being proportional to the diameter of the band, and the 
strength of the band being approximately proportional to the square 
of the diameter, it follows that if the required strength of the steel 
is distributed over four bands of one half the diameter, instead of 
being concentrated in one band of the full diameter, the safe resist- 
ance of bands against staves will be twice as large. Thus we can, 
by a proper subdivision, provide sufficient bearing for the staves. 
a(a + 2h) being the outside circumference of the pipe, and 7 being 
the radius of the rod, it follows that 7(d+ 2h)r x 1,000 equals 
the safe resistance, in pounds, of the bands against the staves. The 
pressure of the water against the staves is 7d P/, therefore, 


LO0O aaa 2h) + > hai eon 
1000 (d@+2h)r 
ee Pee 

or substituting for 7 the value in formula (1)— 
(3) S< 500 (d+2h)7 


That this condition is readily complied with, is evidenced by the 
following instances : 


CaN? h=13% Va 
S< 1383 


S being 1143 pounds for 34-inch rods, figured in the thread, 
with a factor of safety of 4. 


C= 20 h=1% pun 
S <i 2875 ; 
SS being 1960 pounds for 44-inch rods, figured in the thread, with 
a factor of safety of 4. 
d = 54 h=2% Ts 
Seg) 


S being 4600 pounds for 3%-inch rods, upset to 7 inch, and 
‘figured in the bolt with a factor of safety of 4. 

This shows that flat bands offer no advantage over round bands 
so far as indentation is concerned, since the larger bearing they pro- 
vide is superfluous. 
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MATERIALS. - 

The bands used are of mild steel, with an ultimate strength of 
70,000 pounds to the square inch for 36-inch rods, 65,000 pounds for 
¥%-inch rods, and 60,000 pounds for larger diameters. When the rod 
is not upset, as is the case with the smaller diameters, we must figure 
the strength of the rod in the thread ; and, it should be borne in mind, 
that since the strongest part of the steel lies on the surface, and is 
cut away by the die, the average strength of the remaining material 
Poeeleso tall) tate Omersemiull rod.-) lL. ttrerefore deduct irom the 
strength per square inch, in the case of 3g-inch and %-inch rods 10 
per cent., and for larger sizes 5 percent. Thus we get for the strength 
of bolt, in the thread, per square inch : 


3g inch 63,000 pounds 
5 ve 58,500 ‘ 


Larger Sizes 57,000 i. 

The wood that has been used in the pipe lines in Colorado is red- 
wood, Texas pine, and, in some instances, native lumber. In draw- 
ing up specifications for cast iron pipe the engineer calls for the best 
material, and does not admit blow holes, flaws, or other imperfec- 
tions. ‘There is no reason why the same care should not be exercised 
with wood ; only well seasoned and perfectly clear, close and straight 
grained lumber, free from pitch, and with as little liability to swell and 
shrink as may be, should be specified. And there is no other, among 
the soft woods, that comes up to these requirements so well as red- 
wood does ; a fact which is beginning to be appreciated even in Col- 
orado, where this kind of wood, owing to high freight charges, is 
quite expensive, the difference in price as compared with Texas pine 
being no less than $15 per thousand. 

It needs no arguing that the lumber should be milled with the 
greatest exactness, both as regards the section of the stave and its 
ends. ‘The lumber should be shipped in box cars, and at the point 
of destination should be piled up and covered, and not strung out 
along the trench until ready for immediate use. 

The saddles or shoes should be of the best grade of cast iron, 
free from flaws, blow holes, or other imperfections. They should be 


rattled in a rumbler until they are bright and free from sharp edges, 
splints and tags. 
MANNER OF CONSTRUCTION. 


The erection of wooden pipe requires skillful and patient labor. 
The work proceeds about as follows : 

U shaped, outside forms, usually of bent gas pipe, are put on 
two-inch blocks, and in these are laid the staves forming the lower 
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half of the pipe. Then inside forms are put in position, on which 
are placed the balance of the staves, completing the circle. The 
staves are so placed that the end of one stave projects beyond, or 
falls back, 18 or 24 inches from the ends of the adjoining staves, so 
that the end of the pipe, during construction, presents a jagged 
appearance. 

The bands are then put on and tightened, whilst the pipe is 
rounded out. After all bands are put in place at the proper distances 
and are securely cinched, this first section of pipe is ready to be 
extended in both directions. 

The clips or metallic tongues are put in the slots, and the staves 
of the next section are put in place the same as before. The bands 
are put on, and whilst they are being tightened the staves are driven 
up with a heavy sledge and driving stick. The pipe builders are 
followed by back cinchers who give the final cinch to the bands. If 
the pipe is built in the trench, they in turn are followed by back fillers 
who tamp the earth under and alongside the pipe, and cover it. In 
this way one gang builds from 75 to 175 feet per day. On long 
pipe lines a number of gangs are put to work, and where they meet 
a buckle is made, by fitting the staves and springing them in. 
Connection with cast iron pipe or gates is made by means of special 
spigot and bell pieces, having large and deep bells into which the 
wooden pipe enters. The space between pipe and bell is caulked 
with oakum, or run with lead and caulked. 

There should be air and check valves when there are summits on 
the pipe line for the emission and admission of air. ‘The nipples for 
these valves are screwed in a hole in the wood, bored with a smooth 
cutting bit or auger. It is well to use lock nuts and oakum packing 
in connection with these nipples, although not necessary. Ordinary 
corporation cocks for taps may be screwed in, in the same manner. 

For short irrigation siphons it is important, in order to save loss 
of head, that the entrance be made easy, and it is a very simple 
matter to give the end of the pipe a funnel shape, by inserting 
between the regular number of staves others planed down to a point. 

It is suprising how easily this pipe can be made to follow, in a 
general way, the undulations of the ground, although the curvature 
to which it can be laid is, of course, limited. Thirty inch pipe 
readily follows curves of a radius of 250 feet. 3 

CARRYING: CAPACITY. 

To my knowledge no accurate measurements have been made of 

the carrying capacity of wooden-stave pipe. I use the Kutter form- 
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ula, putting the coéfficient of roughness z at 0.010, which Kutter, 
for open flumes of well dressed timber, states to be 0.009. Since it 
presents no joints or rivet heads to the current, and is otherwise per- 
fectly smooth, it is plain that its carrying capacity must be greater 
than that of sheet iron or steel pipe, and that it greatly exceeds that 
of cast iron pipe. ‘The inside remains smooth and clean, and there 
need be no fear of the capacity gradually diminishing. 


COST, 


The cost of this pipe isin the nature of the case closely depen- 
dent upon the pressure. Graphically we can represent the connec- 
tion between cost and pressure, both for wooden and sheet-iron pipe, 
as shown in Fig. 3. 

These diagrams have not been drawn to any scale or for any 
special size pipe, but are merely intended to illustrate the character- 
istic increase of cost with increase of pressure for each kind of pipe. 
It is plain that the shaded triangles represent cost of material 
required over that which is called for by the bursting strain for pur- 
poses of stiffness and rigidity. Although wooden pipe under high 
pressure may require as much, or even more metal than sheet-iron 
pipe, the reverse is the case with low pressure, as is still further 
shown in the ene table : 
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| “WOODEN ‘PIPE. 


|| 
| if 

| Weight | sure. || | Safe Pres’re. 
| 








Diameter | ‘Safe Pres. 
Bee saeges Bence, | Manne gg -| Wetekt | Working 
| eae - 10,000 Ibs. 
| een. ___ Bands every 12inches | b 4 
12 | Minch Straight. 2.51bs. 15.8Ibs. No. 16 11.25 Ibs 81 Ibs. 
Tom sgh ee we 29 “lie «© 16145 “| él « 
es ab a ty 6.0 “16.2 « | aes «| 49 « 
Mf Pg laa5te || 14 lozo5 + | 82 « 
gf uge L ge ling i] 12a | Be 
Cena teu ame tnt tere oncageg..¢ ft oll 5B fers 50.4 
Be gee ee ee ar ell ke 19 ape | ae « 
AS ie eu nale ee eamcnnr G8 i) She 10sis5 pine b 40 | « 
54 «| 56 «Upset «=| 28.6 * [18.2 |) «© 10s «| 33 
| 











WATER PIPE BUILT OF WOODEN STAVES. 





Ad 


‘SHUASSHUG ONIANUVA UOT AdIq VALVA\ NOU[-LHAHS GNV NHGOOM AO SOD AALLVWAVdWOd 
fee age | 


spung uo burnynd fo 2809 
ra eel aa bu MTOM oe oe - 7 
FUNSSTd : 


adid bulzia47 JQ 2809 


H9qguUiny] JO S09 





4809 
40 





$00. 
1809 


adig uous -29a49 


adig uapooy 
sae j 


WATER PIPE BUILT OF WOODEN STAVES. 45 





The gauge of the sheet iron has been assumed as light as only 
the most favorable circumstance will allow, and the weights are 
based on straight pipe, with slip joints, and exclusive of the weight 
of the coating. 

Beside the mere comparative weight of metal there enters a fac- 
tor of comparative cost per pound. It is true that the actual cost of 
working sheet iron may be brought down to a low figure, but it 
requires expensive machinery, working only part of the time, and 
depreciating all the time. For the manufacture of bolts, such as are 
used on wooden pipe, no special machinery is required, bolts being a 
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Fic. 4. 37-INCH PIPE AT DENVER, COL. 


staple article in the market. And the tools needed for erecting the 
wooden pipes are few, simple and cheap. It must also be remem- 
bered that the comparison of cost should take into account the com- 
parative carrying capacity, which, where prices seem equal, makes 
wooden pipe between 5 and 10 per cent. cheaper per gallon of water 
carried than sheet iron. 
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As it bears on this subject, I wish to quote from a report made 
about a year and a half ago to the Pueblo Gravity Water Co., by 
one of our members, Mr. James D. Schuyler. 


‘‘T have recommended the use of 5,630 feet of 30-inch, and the 
remainder, 70,140 feet of 24-inch pipe, to be made of California red- 
wood staves, built continuously in the trench and banded with 
round steel bands. This recommendation has been made for the 
following reasons : 


First.—After thoroughly investigating the history of wooden 
pipe as laid for seven years past in Colorado, and after examining a 
number of lines in use, I have come to the conclusion that if the 
bands are properly coated and the pipe kept full of water it is practi- 
cally indestructible, and certainly has a longer life than sheet iron or 
steel riveted pipe. 


Second.—The ‘interest on the difference in cost between wood and 
cast iron pipe of the same capacity will replace the wood pipe every 
ten years, which I think is but a fraction of the life of wood pipe, 
and therefore it would bea prodigal waste of money to put the 
amount of capital necessary to lay cast iron mains into the enter- 
prise. 

Third.—The wood pipe is cleaner, does not become foul, does not 
rust, does not fill with tubercles that diminish the capacity year by 
year, has no yarn to rot and contaminate the water, will not break 
by settlement, will not burst so readily under water hammer, and so 
long as it lasts is, in every respect, cleaner and more desirable. 

California redwood is so much better adapted to that purpose than 
any other wood available, that I recommend that material.’’ 


For the 16 miles of 30-inch wooden pipe, built by the Citizens 
Water Co., of Denver, two years ago, the comparative figures of 
cost, roughly stated, are about as follows: 


Pictirale COS ban WOOGEII, DUC e ay mente mi 2) 2). e's $160,000 
Hetinmeteu costs rvetec UrOutpi perme ee ar ek ok) ns 333,000 
H Stitra led cost;castron pipe. sates) ee. . Pete oe 717,000 


This line of pipe is almost entirely under a pressure varying from 
50 to 220 feet. It was built of Texas pine. If redwood had been 
used, as it will be for all new pipe lines now contemplated by this 
company, the cost of the wooden pipe would have been about 
$185,000. 
PIPE LINES IN USE. 


Besides a number of short irrigation siphons in Colorado and 
New Mexico, varying in diameter from 24 to 72 inches, there 
have been built, during the last eight years, the following pipe lines, 
arranged in chronological order : 


48 WATER PIPE BUILT OF WOODEN STAVES. 








3.2) illlesy 48 iweh Wipe func a ean eet oo eee Denver Water Co. 

5.75 Pom iat eee: ae Lote pee ane g cle a ri iH 

it ee Beis he PPS Re is it ot ER My - 

1.25 he ein Agee eee ere bet watt ee ec - & 

3. vga Ue Cea ny SSG eS n> lads Oa a us 

im Be Ly Fy Ft Bey MRR Leo AL dg ere 4 i - 

0.5 Ce AS hs S Ste ae Someta dt) sd Yow a City Ditch, Denver. 
0.75 anes) Wik CN eae Pera e tye 2s a.0a cae Cheyenne Water Works. 
1.78 SORE 2e oi ae cas lik Se a ees oO, be ch 
1.13 (Mey 7) Fey & be) ons sche Irrigation purposes near Denver. 
3. hea ei DRG tanks bg >. sn ae East Denver. 

0.8 Sapo yee ‘ Irriga’n siphon, Bessemer Ditch, n’r Pueblo, Col. 
5. Oy Bey fs TS Sees eel ca hat ee AES Ogden (Utah) Water Works. 
16. eas Bes) ha RR ie ahs. fcr Ri eae Citizens Water Co., Denver. 
2.13 hg Cael 2 ee Aurora Water Works, near Denver. 
6.5 * 30-18 ‘ DME S Seal sce. 2, tc ee Perris Water District, Cal. 
3.75 pee Lanes 2a = Ras oon ae ee ME Provo City (Utah) Water Works. 


The pipe lines at Cheyenne were constructed in a poor manner 
and of cheap material, and have not given satisfaction. 

Note.—The pipe built for the Perris Water District is slightly 
different from the other pipes mentioned, in that it has the edge of 
the staves dressed ina V shape, instead of flat. 


CONCLUSION. 


Before a body of engineers it is unnecessary to state to what pur- 
poses this pipe is adapted. Yet I wish to call your special attention 
to its comparative cheapness under light heads. Long gravity 
mains for domestic supply can often be located so as to keep the pipe 
close to the hydraulic grade line. It offers advantages, regardless of 
its cost, which commend it particularly to irrigation engineers. And 
that it is applicable to the development of water power and to 
hydraulic mining will be readily understood. 





DISCUSSION. 


ProF. KrErITH.—The paper read this evening recalls to my 
mind that in 1863 I had occasion to build a species of wooden 
pipe for carrying water througb a mill building on Clear Creek, 
near Black Hawk, Colorado. The building stood on a side hill, 
and before the pipe was used the seepage from the ditch, which was 
first used to convey the water, was a source of annoyance. .The 
pipe was built with tapering ends, so that one length fitted into the 
mouth of the next length of pipe. The bands were made to differ- 
ent sizes, and driven on to the pipe to sustain it. This pipe though 
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a somewhat crude device answered our purpose. excellently, did 
not leak at all, and was in use for the four or five years I was 
there, and may be so still.’’ 


PRror. SouLE— ‘‘ What care is taken to place bands over the 
joints where the iron plates are inserted ?”’ 
Mr. HENNy.— ‘‘ The pipe is built, more or less, in sections, and 


at places where the joints come we usually put one extra band, 
but we do not pay any attention to the bands being placed right 
over the joint.’’ 


Mr. ALLARDT.— ‘‘ How do you manage where pipe lines branch 
or cross ?”’ 
Mr. HENNy.— “‘ Cast iron specials are used with large and deep 


bells. Tshe wooden pipe enters the bell, and the space between the 
pipe and the bell is caulked with oakum or with lead.”’ 


Q.— ‘‘ How long do you make the staves ?”’ 

A.— ‘‘ All the way from 12 to 20 feet.”’ 

Q.— ‘“‘Is it necessary to have special machinery for making 
staves ?”” | 

A.— ‘‘ We have special machinery for cutting staves for tanks ; 
all that is required besides is machinery for slotting the ends.”’ 

Pror. SOULE.— ‘‘ Did I understand you to say the pipes remain 
perfectly clean and free from vegetable growth or fungi?” 

A.— ‘‘ Yes. Most vegetation in the water requires light, and of 
course that is excluded.”’ 

Q.— ‘‘ Have you ever noticed any special eroding or working 
away of the wood after pipes have been in use ?”’ 

A.— ‘‘ Our experience with this stave pipe is not long enough to 


say. I have heard of 4-inch bored, log pipe that when taken up 
measured 5 inches. I suppose, however, that such wearing away 
takes a long time, a high velocity of the water, and presumably grit | 
or sand in the water.”’ 


O.— ‘‘Do you put any preparation on the wood, inside or out- 
side, to preserve it?”’ : 

A.— ‘‘No sir.”’ 

Q.— ‘‘ Do you prefer seasoned wood ?”’ 

A.—‘‘ Yes, in all cases, to prevent shrinkage after it is milled. 


Most of the wood is kiln dried.”’ 

Q.— ‘‘ The best form of stave, after all, is the straight edge, 
isity ff 

A.— ‘‘That is my opinion. We have never had any trouble 
with the seam joints, except where one could distinctly see some 


carefully built to be thoroughly tight.”’ | 

Q.— ‘‘ What is the smallest size of pipe made of staves?” 

A.— ‘‘ The smallest size is 12 inch. I am now building at the 
works some 6-inch pipe. I have used staves out of one-inch lumber 
reduced as low as half an inch in thickness at the joints, and it 
makes a very stiff pipe.’’ 


Q.— ‘‘I suppose from that size up you can build as large as is 
required for practical purposes ?”’ 
A.— ‘‘A seventy-two inch pipe line built on the Maxwell Grant 


is the largest constructed so far, but there is no difficulty in building 
larger diameters if required.’ 

Mr. ALLARDT.— ‘‘ Has any of this pipe been used for sewer 
purposes ?”’ 

A.—‘‘ Not as far as I know.”’ 

Q. ‘‘ In a general way how does the cost, including the very large 
pipe, compare with the cost of sheet iron, or sheet steel ?’”’ 

A.—‘‘The cost of this pipe is dependent upon the pressure. 
Ten feet pipe, built of 4-inch lumber, banded with 7% steel bands 12 
inches apart, is listed, including laying, at $13 a foot. T'welve-inch 
pipe with bands every foot at 80 cents, laid. The freight, if the pipe 
were to be used some distance from San Francisco, would be added, 
that is, on the lumber. For Eastern points this would be partly bal- 
anced by a saving on freight on the bands. ‘The bands are sent direct 
from the factory to the place of destination, so the wood from San 
Francisco and the iron from the East meet at the work for the first 
time.’’ 


Q.— ‘‘Is it well determined that the wood does not rot on the 
outside of the pipe? ”’ 
A.— ‘‘Mr. Hull, an engineer in Connecticut, having built a good 


deal of this pipe, writes, after 40 years of experience with wooden pipe, 
that if the pipe is laid above ground and kept full of water its life 
would be about torty years, but if laid underground and covered 
over he considers its life indefinite, there being no rot to it.’’ 

Pror. SouLe.— ‘I have a piece of bored log pipe which was 
buried in the ground for 15 years, and used for carrying water for 
domestic purposes. You can scratch the outside anywhere, and the 
redwood is perfectly sound. The bore I think is two inches, and the 
log is about 4 inches square. I mention it simply to show the dur- 
ability of the wood. It was not decayed in the least. I think, in 
this case, the wood, while the pipe was in use, was completely satu- 
rated with water.”’ 
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Q.— ‘‘ How are the bands protected ?”’ 

A.— ‘‘ They are coated with paint or me abaltcen In case the 
bands should rust off in the course of years, new bands could be put 
on between the old ones, and the staves saved.’’ 


Q.— ‘‘ Have you had experience with these pipes when laid on 
the surface of the ground ?”’ 

A.—‘‘No sir, in Colorado these pipes are laid underground to 
avoid freezing of the water in cold weather.’’ 

Q.— ‘‘Is the wood surfaced on both sides ?’’ 

A.— ‘‘ Yes sir.’ 


Q.— ‘‘ How much does the mill charge per thousand feet, board 
measure ?”’ 

A.— ‘‘ Thirty-three dollars.’’ 

Mr. VISCHER.— ‘‘I would like to ask Mr. Henny whether he 
has ever examined wooden pipe carrying water, to determine to what 
‘depth the wood was saturated with water ?’’ 

A.—‘‘I have examined pipe with 134 inch of shell, tae 
nearly all pressures up to 165 feet, have cut into the pipe and found 
the wood looked damp, but did not show any signs of water oozing 
out.”’ 

Mr. VISCHER..— “ This pipe would, I think, Hee certain 
advantages from the smoothness of its inner surface, in a capacity to 
withstand freezing of the water carried by it, when exposed to great 
cold. This is often a serious drawback to the use of iron pipe in 
cold climates, especially where supervision of the line is difficult. 
Freezing of the water is generally not directly brought about by the 
water being frozen at the point where stoppage takes place, but by 
the lodging of ‘‘scum’”’ or ‘‘float’’ ice against surface obstructions 
in the pipe, which form initial points from which, by subsequent 
accretion, the whole area becomes closed. My experience was with 
iron pipes not larger than 8 inches diameter, and larger pipes, prob- 
ably, are less liable to stoppage by freezing. However, the smooth 
and uniform inner surface should be an advantage, besides the greater 
thickness of the wooden shell of itself aiding in resisting cold. I 
think wooden pipes might be laid at less depth than iron, which. 
advantage is often material when frozen pipe lines have to be 
hurriedly uncovered. 

The correct thing is, of course, to put the pipes deep enough in 
the ground from the first, so that freezing will not take place, but 
this is not always easy to accomplish. Merely laying pipes helow 
the frost line is not a guarantee against their becoming frozen. 
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In case of freezing, the remedy usually is, after locating the frozen 
section and uncovering the pipe, to build fires under it, by which 
process pipe is often burned and the iron much injured wherever the 
stoppage, instead of being continuous, consists of patches of ice, 
with empty spaces between them. Pipe which has beet so heated 
several times, has its life pretty well exhausted. If the stave pipe 
should become stopped by freezing, it seems to present facilities for 
opening up a section by loosening the bands and removing the 
obstruction without damaging the pipe.’’ | 

Mr. HEnny.—‘‘ Mr. Vischer is right, I think. In Utah, we 
covered this pipe with two feet of dirt, and the cast iron we covered 
three and a half feet. So far we have not had any stoppages from 
freezing. I built a main line of 12-inch cast iron in South Dakota, 
and covered it seven feet. In the Northern Peninsula of Michigan 
we covered the pipes seven feet and over, and I heard after I left 
they had considerable trouble with freezing of the mains. In Den- 
ver the mains are covered about four feet; in Leadville, eight and 
one half feet.’ 

Mr. ALLARD?T.—‘‘ There is a royalty on the pipe, is there not ?”’ 

A.—‘‘ Yes, but itis merely nominal. Mr. Allen, who had the 
patent, has given us the right for this part of California and for the 
Western States.”’ 

Q.—‘‘ In building a line of pipe, how much care do you have to 
take in laying it to exact grade before tightening the bands and fill- 
ing the trench ?”’ 

A.—‘‘ The pipe is laid to the trench as graded, and the bands 
then tightened. We do not dig the trench wider than we can help, 
and we aim to have an equal space on each side of.the pipe to 
work in.”’ 

PRoF. KEITH.—‘‘ How about expansion ?”’ 

A.—‘‘I have always:laid this pipe in a trench, and have taken 
pains to have it back-filled immediately after construction, so that 
there would not be great changes in the temperature of the pipe. 
Where the pipe had been exposed I have never noticed any expan- 
sion. As regards expansion caused by saturation, the swelling of 
the wood lengthwise causes the butt joints to become perfectly 
tight.’ 

Q.—‘‘ Have you ever had trouble from animals and rodents 
knawing the pipe in pursuit of water in a dry country ?’’ 

A.—‘‘I have never known any trouble from this source.’’ 
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PrRoF. CARNOT.—“ It gives me extreme pleasure to be with you 
tonight. I am very glad to have had one opportunity during my 
trip through America of seeing some society of this kind, and the 
tone and scope of the discussion of its papers. I must say I have 
been very highly gratified. The subject is entirely a new one to me. 
It appears to have been handled in a very able and thorough man- 
ner, and there is much food for reflection. I would have liked, how- 
ever, to have had a few more figures in regard to prices for compar- 
ison of its cost with that of other kinds of pipe. 

As far as I am aware, we have no wooden pipes in Australia. Up 
to a few years ago we used cast-iron pipes, then an innovation came 
in the way of wrought iron, and that is now extensively used. 
During the past five or six years there is an entire cessation almost 
of the use of cast-iron pipes. In Melbourne we have works where 
machinery is used for manufacturing wrcught-iron pipe, and it is 
turned out in large quantities. One point of interest to me, and 
one I have never been able to get any satisfactory information ‘upon, 
namely, as to how far the lap of the plates and the heads of the 
rivets impede the flow of the water. 

This timber pipe is quite a novelty to me, and the idea of mak- 
ing a large water main out of timber comes to me certainly in the 
light of a revelation. The question that suggests itself to my mind, 
of course, is how far is it applicable to the conditions that exist in 
Australia? We have a very small supply of pine wood; all our 
wood, as a rule, is very hard indeed, and intensely hard after it is 
seasoned. Here, as I understand, you have a pipe which is cheaper 
than either cast or wrought iron, which, as far as can be seen, is 
equally durable—at any rate, quite as durable as wrought iron—for 
I presume, the bands could be protected as well as the iron of 
wrought iron pipes could be protected. We are told, that as far as 
seen, when underground it is cleaner and smoother than cast-iron 
pipe, and, of course, much more so than the wrought iron. It cer- 
tainly seems as if it were a great improvement, and was likely to be 
of very great value indeed. Knowing nothing about the subject 
practically, myself, I cannot add anything further, except to say that 
I feel very pleased indeed with the paper, and also with the discus- 
sion. Itseems to me that it is a very marked advance in connection 
with water supply matters. 

Of course the question of how it would do for sewerage is of still 
further interest. We are about to expend several millions of dollars 
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upon sewerage works in Melbourne. It would be interesting to 
know if pipe of this description would answer the purpose. 

There is another pipe I would like to put in comparison with it, 
and that is the earthenware pipe. It is comparatively cheap ; it is 
very smooth and cleanly, but will not stand a very great pressure. 
We have used it to some extent for carrying water supplies, and 
with some success. But for sewerage purposes it is universally used. 
Perhaps the use of wooden pipe for sewerage purposes is a little 
remote. 

I thank you for this opportunity of addressing the meeting; I 
only regret that my departure for Australia on the stearner tomorrow 
will prevent my meeting with the members and becoming personally 
acquainted with them.’’ 3 

Q.—‘‘Is not the use of earthenware pipe naturally a restricted 
one for water supplies, on account of the inability of the joints to 
withstand ‘water hammer’ ?”’ 

PrRoF. CARNO?T.—‘‘ Of course we only use it under circumstances 
where ‘water hammer’ can be guarded against. I have known, 
however, of earthenware pipe being used with success in conducting 
water for small towns, for instance where water has been taken from 
an aqueduct, a distance of several miles to a surface reservoir, metal 
pipes being used to conduct the water from the reservoir to the 
town.”’ 

Mr. ViscHER.—“ While not strictly pertinent to the subject of 
wooden pipe, I would like to ask if any member is able to express 
an opinion as to the relative merits of steel and wrought iron as 
regards durability. Perhaps Mr. Dickie has some data upon this 
subject ?”’ 

Mr. Dickix.—‘‘I think durability would be in favor of the iron ; 


it would depend, however, mainly upon the coating. When the ~ | 


coating is gone the life of the pipe is very short, as we all know in 
handling pipe. 

I have listened very attentively to this subject tonight, but there 
is one thing I must say I cannot understand. In this wooden pipe 
it is not claimed that the wood presents any resistance to the pres- 
sure ; therefore it is no factor whatever in the strength of the pipe. 
If the wood is banded by steel, there must necessarily be as much 
steel in the bands as would make a steel pipe of the same strength. 
Now, steel formed into bands with a head on one end of the band 
and a nut on the other. will certainly cost as much as manufactured 
steel pipe. Under these circumstances I do not see how the wooden 
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pipe can be made cheaper. I am talking about a pipe under pres- 
sure. ‘The thickness of the metal is dependent upon the pressure it 
has to stand. Now I take it that the bands of a wooden pipe, under 
a head of 200 feet, would cost as much as a steel pipe carrying the 
same head. I think the cost of manufacturing steel into pipes in 
San Francisco is not more than seven eighths of a cent per pound, 
and that would be the amount that you would have for manufactur- 
ing the bands and making them ready for use in supporting the 
wooden pipe. The thread cut in the band takes out about the same 
amount as is taken out of a double-riveted iron pipe, so that the 
amount of material would be absolutely the same. I am not clear 
about the relative cost of pipe as represented by Mr. Henny’s 
diagram ; the difference, however, appears to me too much. As 
regards the steps shown in the diagram, when material is ordered for 
pipe at the mills, the increase of the thickness of the pipe is a very 
small factor. I know of instances where the variation in thickness 
of metal is very small indeed as pressure increases. I think this can 
be regulated as closely as the spaces between the bands of wooden 
pipe.’’ 

Mr. HENNy.—‘‘In answer to Prof. Carnot’s remarks regarding 
exact figures as to the cost of this pipe, I can give list prices, quoted 
by the Excelsior Redwood Co. ‘They are for pipe, banded every 12 
inches and include cost of erection : 


“12 inches ....80 cents , 86 inches........ $2.05  72inches...... $ 5.60 
ik a ad ee $1.004))4, Nee ee Dee gt (el aee 7.25 
RAUL PE es Rene TSU 3 VAS ae errno bee 6 OG. | SS 5 vy aie 9.60 
od Sb Sacha eon er 150 0% 54S eee ae ent eee LOS AT suing sae i 10.80 
Oats tales Oe oe os E75 OOM can eee ae etoile = L206 sb Fo ee ae es 13.10 


Professor Carnot thinks that wooden pipe is about as durable as 
wrought iron pipe, but it appears to me reasonable to suppose that 
its life is much longer. As Mr. Dickie remarks, when the coating is 
gone the life of sheet iron pipe is very short. This holds good for 
those parts of the pipe where the coating has been knocked off, or is 
cracked, or is imperfect. For, under ordinary methods of pipe lay- 
ing, who can guarantee absolutely perfect coating after the pipe is 
laid? Now the slightest imperfection in the coating leaves but from 
zo to rz of an inch of short-lived material to rust away, in order to 
have a leak. If one could keep sheet iron pipe tight, notwithstand- 
ing its rusting through in spots, until enough metal is worn away to 
make the pipe burst, then its life would approach that of wooden 
pipe. On the grade line, I agree with Professor Carnot that vitrified 
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sewer pipe is to be preferred to wood. But, I think, the largest size 
manufactured is 80 inch, and at that size it becomes very expensive. 
Then it must be kept to the exact grade line, as the cement joints 
cannot be depended upon under even slight pressure. 

In comparing the diagrams of cost, Mr. Dickie appears to mis- 
understand me, as I do not claim that under high pressures wooden 
pipe is cheaper than sheet iron pipe. I believe to have called your 
attention this evening to the fact that no matter what material is used 
for the shell, the same amount of metal is required in either case to 
resist the bursting strain. What I attempted to show in the diagram 
is that, over and above this amount, there is required considerable 
metal in the case of sheet iron pipe under low pressure, simply to 
make the pipe stand up under outside pressures. It is under light 
heads that wooden pipe has the advantage of cost over sheet iron 
pipe, but it has the advantage of durability under all pressures.’’ 

Mr. ViscHER.—‘‘ The longitudinal stiffness of the wooden lining 
should make the pipe self sustaining for certain lengths when carry- 
ing water, thus making it available for support on trestles if desir- 
able. ‘This may not often become necessary, yet I have known a case 
in the Sandwich Islands where this quality, if it exists to any extent, 
would have been highly in its favor. A swamp, with rock bottom, was 
overlaid by oozy, almost fluid mud, two to four feet deep. Trenches 
could not have been dug, and by far the simplest method would be 
to lay the whole pipe on low horses above the mud surface. Here 
all the material would have had to be packed on the men’s backs 
for several miles, and the extreme lightness of the parts of which 
the stave pipe is built would have greatly recommended it. In fact, 
this quality should not be under rated, for lightness of parts is often 
more essential, where transportation is difficult, than lightness per 
foot of finished pipe.’’ 


REGULAR MEETING, MARCH 4th, 1892. 





PROCEEDINGS. 


MINUTES. 


The meeting was called to order by the President, John Richards. 

The minutes of the last regular meeting were read and approved. 

The following new members, having been balloted for, were 
declared elected : 


Conrad EHimbeéck, }Civill Bngineer, )7.000........ Guaymas, Mexico. 
Da C, Henn yi Civil Hai atic meen i en. San Francisco, Cal. 
mMlexe Me Reynolds; Civil Pnoincen Mae oe. i. ss. Seattle, Wash. 
Arthur H. Sanborn, Ass’t City Surveyor...... San Francisco, Cal. 


The following names were proposed for membership and referred 
to the Board of Directors : 

Andrew Fraser, Mechanical Engineer, of San Francisco; proposed by 
John Richards, H. C. Behr and F. Orton. 

Edward C. Jones, Civil Engineer, of San Francisco ; proposed by Jos. B. 
Crockett, A. Schierholz and H. C. Tabrett. 

Chas. D. Marx, Professor of Civil Engineering, Leland Stanford, Jr., | 
University, Palo Alto; proposed by Horace B. Gale, Frank Soulé and 
C. E. Grunsky. 

Leon H. Taylor, Civil Engineer, of Long Valley, Cal.; proposed by 
Wm. Minto, C. E. Grunsky and Otto von Geldern. 


_ The Secretary read the following communication from the Presi- 
dent : 
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A COMMUNICATION. 


To the Technical Society of the Pacific Coast : 

Having received the following communication from our distin- 
guished Past President, Col. George H. Mendell, Engineer Corps, 
U. S. Army, I feel it incumbent on me to present it here with 
Colonel Mendell’s consent, and in accordance with the suggestion it 
contains, to offer such personal explanation as the circumstances 
call for. 

Colonel Mendell’s communication is as follows : 


‘“Mr. JOHN RICHARDS, 
President of the Technical Society, San Francisco, Cal. 


Sir :—In the annual address to the Society of which you are 
President, read on January 15, 1892, the following remarks occur : 


‘‘«’The improvement of rivers and harbors by the general govern- 
ment I think had better not be mentioned. So far as this Coast is 
concerned there seems no complaint, but on the Atlantic side the 
record is not one to call for commendation, when compared with the 
achievements of private enterprise.’ ’’ | 


My acquaintance with the improvements of rivers and harbors on 
the Pacific Coast permits me to say that there is no reason, relating 
to the works themselves, why they may not properly be mentioned 
and discussed. ‘The engineers responsible for the works not only 
can have no objection, but would doubtless favor thorough discussion. 

My acquaintance with works of this character on the East of the 
Rocky Mountains is less close. I know, however, many of the 
engineers who have now, or have had charge of these engineering 
works to be men of character and ability. 

The opinion which you express, to the effect that these works are 
not worthy of commendation, is not the one generally held, and is, 
I am assured, a mistaken view. If it were otherwise, the direction 
of these works would long since have passed into other hands. But 
you appear to have reached your conclusion after study, implied by 
your references to a record. 

You may be in possession of information not generally known. 
The subject is one of general interest, and of great importance. The 
reputation of a worthy class of men is assailed by your statement. 

You will therefore doubtless perceive the propriety, upon request 
now made, of laying before the Technical Society, or otherwise 
making public, the facts which, in your opinion, justify the disparag- 
ing assertions and implications contained in the quoted statement. 

Very respectfully, 


(Signed.) G. W. MENDELIL.”’’ 
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In respect to this communication, and the subject incidentally 
referred to in the address, the works in question are matters of 
national and general concern, and involve features quite distinct from 
and independent of the ability of the Engineer Corps, which it was 
not the intention to call in question at the time of writing the sen- 
tence quoted from the annual address. 

The words used hardly call for this disclainrer of any intention 
to reflect upon the personelle or qtralifications of the Engineer Corps. 
If so, full apology is now made, but as before said, the works are of 
public concern, subject not only to the criticism common to all such 
undertakings, but in greater degree, because executed outside of 
what may be called the profession in general. 

My impression cannot therefore be considered as carrying other 
weight than that of personal opinion, and as such, liable to error ; 
especially as in this case the subject pertains to a branch of engineer- 
ing work with which I am not familiar. 

There was in the use of that term ‘‘record,’’ no intention of 
declaring information, except in a limited degree, other than is open 
to everyone in the technical and secular literature of the time ; 1n — 
this sense the term record was employed. 

It must be admitted, even by the Engineer Corps and their 
friends, that serious criticisms of many of the river and harbor 
works on the Atlantic side of the country have appeared recently in 
journals of good, or even high standing, and at times over the sig- 
nature of civil engineers of wide repute. 

I do not think it necessary or expedient to cite references gener- 
ally accessible in current technical literature, or to seek support for 
my statement in such expressions as those contained in a recent 
report to the St. Paul: Chamber of Commerce by a committee of 
theirs, on the works carried out on the Upper Mississippi River. 

Such presentations here would perhaps lead to a spirit of contro- 
versy, undesirable and unnecessary if Colonel Mendell will admit 
that such published matter was sufficient to call out the expression 
used in respect to government engineering works on the Atlantic 
side of the country, especially as at the time of writing no reply had 
been made to some of the most serious of the charges presented. 

I think it due to Colonel Mendell to say that since receiving .his 
communication, some inquiry among the profession here develops 
the fact that his own administration on the Pacific Coast has not only 
escaped criticism among the profession generally, but earned both 
approbation and admiration. . 
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As even errors and mistakes can have a useful side, so it may be 
in this case, if the criticisms of public works will bring to the notice 
of this Society, the points in controversy between the private 
and government engineers in the East, especially if such considera- 
tion will induce Colonel Mendell and his staff to lay before the 
Society information respecting works under his administration, which 
will have an especial interest to the members. 


February 22d, 1892. 





Since the preparation of the foregoing communication I have 
received from Colonel George H. Mendell documentary evidence of 
both a public and private nature, showing beyond mistake that not 
only have the works in the upper Mississippi been beneficial, but 
that such works have met with commendation from all but a few 
sources among those interested. 

The papers submitted by Colonel Mendell are: - 

(1) A communication from Major A. Mackenzie, in charge of 
the Government work on the Upper Mississippi River. 

(2) Communications to Major Mackenzie from some of the prin- 
cipal steamboat lines, accompanied in some cases by records and 
dates of a character to show an improvement of the channels, and 
commendatory of the works carried out under the Corps. 

(3) Private letters by shipping firms, asserting that the works 
under Major Mackenzie’s administration, have been of great benefit 
to the interests of navigation. 

(4) A communication from C. C. Andrews, Chairman of the Com- 
mittee on the Mississippi River, St. Paul Chamber of Commerce, 
stating that the resolution passed by the chamber on Dec. 10th, 
1888 was a mnistake in so far as being a concensus of opinion in that 
body, having been withdrawn or rescinded by a subsequent resolu- 
tion passed on the 17th of December succeeding ;. also saying, that 
the Government Engineer Officers enjoy fully the confidence of that 
Chamber. 

(5) Quotations from the Editorial Columns of the ‘St. Paul 
Pioneer Press,’’ of Dec. 12th, 1888, condemning and denying the 
allegations set up in the resolution passed by the Chamber of Com- 
merce on Dec. 10th, 1888. 

The copious nature of the public portion of these various docu- 
ments prevents them being presented here, and it is not necessary, as 
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Colonel Mendell indicates, further than to, on my part, concede the 
error of the statement at first quoted from my annual address. 

My information respecting the Government engineering works on 
the upper Mississippi was mainly of an ex parte nature, derived from 
private sources and from newspaper clippings with dates removed, 
but left to inference as being current. 

I-think that the substance of these remarks, spread upon the 
minutes of the Society, will very fully eliminate any effect produced 
by the remarks in the annual address. 

As the editor of a publication dealing to some extent with engi- 
neering matters, perhaps my opportunities for observing the untruth 
and unreliability of floating news is greater than most members of 
the Society, and I take this occasion to say that the untrue and 
inexact part is the main one. 


San Francisco, March 4, 17892. J. RICHARDS. 


a 


Dr. R. Heidrich then addressed the members on the subject of 
Mnemonics, and its usefulness in mentally retaining data and form- 
ule. Examples were given to show the simplicity of impressing the 
mind with a subject, connecting this with any other fixed in the 
mind, and calling up that subject, thereby, at any time. Dr. Heid- 
rich had committed to memory the first fifty logarithms to seven 
places of decimals, and repeated them at the pleasure of the mem- 
bers to any desired natural number. 

The interesting subject was discussed, after which a vote of 
thanks was passed for the author. (The paper will be published in 
a subsequent bulletin. ) 

The Nicaragua Canal Committee having been requested to make 
a report in the near -future,. the Chairman of that committee 
announced that one would be submitted at the next regular meeting. 


Adjourned. OTTO VON GELDERN, Secretary. 
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